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EngineeringEducation® Preparation Ar, Lite W ork 


N AN occasion of this 
O kind* it seems clear 

that the proposition 
which I am expected to 
support in this brief talk is 
that an engineering educa- 
tion is a good preparation 
for any life work, possibly 
that it is superior to any 
other preparation or at least 
any other kind of education 
as such a preparation. 

What is our criterion to 
be? Is the benefit of an 
engineering education to be 
assumed to inure to the in- 
dividual concerned or to the 
social system as a whole? 
I think we must cling, in 
this discussion, to the cri- 
terion of advantage to the 
individual concerned. That 
is to say, the question the young man will ask and 
which we must try to answer is ‘“‘Will an engineering 
education be the best preparation to help me accom- 
plish my life’s work?” 

It now seems pertinent to inquire what we mean 
by “preparation” for a life work. Obviously there 
are many careers for which an engineering education 
could not be a complete preparation. In fact, no 
formal education can possibly be a complete prepara- 
tion for any career, because every career is, in a very 
real sense, its own preparation for itself. All past 
experience is preparation for what is to come and 
education, in its broadest sense, is continuous from 
the cradle to the grave. So when we say ‘“‘prepara- 
tion’? we must, I think, construe the word in the 
sense of ‘‘foundation.”’ 


“EDUCATION” AND ‘‘TRAINING”’ Not SyNONOMOUS 


Here, I think, we must begin to differentiate 
clearly between “education” and ‘‘training.”’ You 
will note that my subject says “‘engineering educa- 
tion” not “technical training.” This differentiation, 
indeed, is implicit in the motto on the ‘‘Tech”’’ seal, 
“Lehr and Kunst’’—knowledge and_ skill—hence 
education for the acquisition of knowledge and 
training for the acquirement of skill, that is, the 
application of knowledge to the solution of practical 
problems. Both are necessary parts of the prepara- 
tion for any life work. The 2 words are often loosely 
used synonymously, but they are far from synony- 
mous. Education is a divergent or broadening 
process, while training is a convergent or narrowing 
process. Education is directed toward the attain- 
ment of a knowledge of many things and of the 


* One of the 4 addresfes comprising a symposium on engineering education de- 
livered at the annual joint meeting of New York and New Jersey alumni of 
Worcester (Mass.) Polytechnic Institute held in New York, N. Y., Dec. 6 
1934; published by the Alumni Association of the Worcester Polytechnic rire 
stitute in a supplement to the Journal of W.P.I., Jan. 1935. 
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By J. Allen Johnson, President A.I.E.E. 


in our present day engineering civilization, 
is there a logical basis for the thesis that an 
engineering education is a good prepara- 
tion for any life work? President Johnson 
says there is, and in this article gives strong 
supporting reasons for his contention. 
concludes that a broad basic engineering 
education ‘‘which opens the mind and 
shows it how nature itself does its work, and 
teaches it to apply that knowledge through 
original thinking to the specific problems 
of one’s life work, is a preparation for that 
life work which has, and in the very nature 
of things can have, no equal.” 


relationships between them. 
Training is directed toward 
the practical application of 
possibly only a single item 
of knowledge with no con- 
sideration whatever of its 
relationship to others. 
Education may be likened 
to a climbing up on a high 
mountain whence the sur- 
rounding terrain may be 
observed as a whole. In- 
tellectually it implies the 
loosening and casting off 
from the mind and spirit 
of the shackles of tradition 
and dogma and prejudice 
and habit, and helping the 
mind to expand and grow 
and encompass ever widen- 
ing and deepening compre- 
hensions of the unity of the 
universe, and of the relationships between its com- 
ponent parts and processes. 

In this world where each of us must make a living 
as well as live a life, training for the performance of 
some specific task is a practical necessity. One can, 
indeed, earn a living with training alone. Millions 
do so. Indeed, many highly trained specialists in 
our modern industrial society make good livings, but 
training without education can never result in the 
highest achievement. 

I am entirely aware that there is nothing new or 
revolutionary in what I have so far said. The idea 
that an “education,” in the sense above defined, 
should constitute the foundation upon which to 
build one’s life work is not new. In fact, 35 years 
ago, when I was preparing for college, it used to be 
urged that a liberal arts education ought to precede 
technical training, and this argument may still be 
advanced in some quarters for aught I know. Here 
and now, however, the shoe is on the other foot and 
we are investigating the thesis that an engineering 
education should constitute the base for any kind 
of training. Is there a logical reason for this change? 
I think there is. 


He 


AN ENGINEERING CIVILIZATION 


The civilization in which we are now living is an 
engineering civilization. Scientists, inventors, and 
engineers have made it, and engineers keep it going. 
From our first breath to our descent to the grave we 
are in almost continuous contact with some product 
or process of engineering. This was not always so. 
In simple and more primitive times such machines 
as were used were fashioned largely by trial and error. 
It is only within the last 100 years that mechanical, 
electrical, and chemical engineering have really 
existed at all and only within the last 50 years that 
they have become the overwhelmingly dominant 
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factors that they now are in our daily lives. In view 
of this revolutionary change it is not only proper but 
imperative that we reconsider the question of what 
is the best preparation for a life work. 

How does this changed situation affect, let us say, 
the other professions? Take, for instance, the law. 
A large proportion of the civil cases in our courts 
involve the many technical devices of this engineering 
civilization. I have listened to lawyers trying such 
cases whose ignorance of the simplest natural laws 
and physical relationships was pitiful; and on the 
other hand I have read judicial decisions proclaiming 
such a clear and exact knowledge of fundamental 
engineering facts and relationships on the part of the 
judges who wrote them that their mere perusal by 
an engineer was an intellectual treat. Is it possible 
that the engineering education possessed by these 
judges—however attained—was the reason for their 
elevation from the bar to the bench? I think it 
highly probable that it was at least an important 
factor. 

Or take the ministry. In this technical age a 
minister who is ignorant of the fundamental laws 
of physical nature is surely under a severe handicap. 
The minister who is not accurately informed on such 
matters and attempts to interpret the scriptures 
today without benefit of modern scientific knowledge 
is likely to find himself greatly embarrassed. Indeed, 
when a modern scientist like Sir James Jeans says, 
as he does in his ‘“The Mysterious Universe,” ‘“Today 
there is a wide measure of agreement—that the 
stream of knowledge is heading toward a non- 
mechanical reality; the universe begins to look more 
like a great thought than like a great machine. 
Mind no longer appears as an accidental intruder 
into the realm of matter; we are beginning to suspect 
that we ought rather to hail it as the creator and 
governor of the realm of matter’’—and again “‘We 
discover that the universe shows evidence of a de- 
signing or controlling power that has something in 
common with our own individual minds’’—when, I 
say, a great scientist makes such a statement as this, 
it appears that modern science and modern religion 
are not so far apart, and the modern minister surely 
cannot get along without a pretty accurate knowl- 
edge of modern science. 

Obviously, in the short time at my disposal, I 
cannot take up one at a time every possible ‘‘life 
work’’ and individually argue the value of an engi- 
neering education as a foundation for it. Some- 
where we must start to generalize. Now, if there is 
one thing that the progress of scientific knowledge 
has demonstrated it is the unity of nature. I like 
to think of it in these terms, that no matter where 
you may dip into nature’s ocean of information or 
just what set of simultaneous equations you may 
find in your net, you will always get the same value 
of X. For instance, the velocity of light in free 
space, whether approached from the optical or from 
the electrical angle, yields the same answer. Planck’s 
constant, H, keeps bobbing up, always with the 
same value. Newton’s laws of motion are all- 
embracive. Nature’s fundamental ways of doing 
things are universal. They may appear in different 
guises, but the same old fundamental laws and 
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processes and relationships bob up serenely, and 
may be recognized by those who have learned to 
understand nature’s language wherever they appear. 


SAME FUNDAMENTAL LAWS 
GOVERN BoTH PEOPLE AND THINGS 


All “‘life works”’ have to do with things and people. 
Some, like engineering, have to do more with things; 
others like the law and the ministry, more with 
people. But if it is true that nature’s ways of doing 
things are universal, then must it not be true that 
the same fundamental laws which govern the be- 
havior of things also govern the behavior of people? 
Admittedly it is difficult to prove this for 2 reasons: 
first, because there is no way of accurately measuring 
the magnitude of the spiritual forces which act on 
people, nor of their effects; and second, because of 
the multiplicity of such forces which act simultane- 
ously, thus making it difficult to identify the forces 
with their effects. But, nevertheless, qualitatively 
human forces and their effects can often be identified, 
and their operation interpreted and more clearly 
understood by comparison with analogous physical 
laws. For instance, suppose we observe that if some 
one criticizes some task which we have performed we 
get angry in proportion to the degree of imperfection 
in our performance of the task. In other words, the 
poorer the job we have done the madder we get when 
any one criticizes it. We might express this in an 
equation something like this: 

criticism 


Barger aU re ncilcaceron GRTORRERCe 


Now if in order to illuminate and better understand 
this observation we seek a physical analogy for this 
expression, we may find it in the thermal realm in 
the expression 


heat added 


Temperature rise = (f) srecine heat 


or in the electrical realm we may similarly write 


charge 


ial = = 
Fopentt ”) capacitance 


Thus it appears by analogy that ‘excellence of 
performance” might be defined as “‘ability to absorb 
criticism,’’ and “‘anger’”’ as merely the index of the 
relationship. Further study would doubtless reveal 
even more interesting implications. Perhaps all 
emotion is merely the statistical index on the con- 
sciousness plane of the activities of molecules of mind 
which perhaps constitute the subconscious. The 
thought has intriguing possibilities. 

I do not claim that this is a good example of what 
I mean, or that this relationship is either true, or if 
true that it is universal. I have merely used it in an 
attempt to illustrate how an understanding of the 
exactly evaluable relationships of physical science 
and engineering may illuminate and clarify the 
understanding of human reactions even though the 
human forces and reactions cannot be evaluated in 
arithmetical terms. 

The example just cited relates to an individual 
human reaction. In the field of mass human be- 
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havior, such as may be studied through the use of 
human statistics, much more consistent and universal 
relationships may be discovered. In many cases, 1n 
fact, such relationships may be evaluated and quite 
accurate predictions made therefrom. The life in- 
surance business is founded on human statistics and 
many other businesses make use of similar records of 
average or mass human behavior. The method is 
analogous to certain aspects of thermodynamics, for 
instance, where temperatures and pressures of gases 
appear as statistical averages or summations of indi- 
vidual molecular velocities and impacts. The mag- 
nitudes relating to the individual molecules (or per- 
sons) cannot be measured and would probably be of 
little significance if they could, but the statistical 
summations or averages are significant and are found 
to obey certain laws or relationships by means of 
which correct conclusions can be drawn and useful 
predictions made. Thus the scientific method may 
‘be applied even to human behavior, and relationships 
found analogous in many ways to those governing 
the behavior of inanimate things. 

The point I am trying to make is this, that if 
natural laws are universal in their operation though 
they can be exactly evaluated only in their physical 
manifestations, a knowledge of these physical rela- 
tionships such as must result from an engineering 
education cannot but be of immeasurable value in 
interpreting observations of either material or human 
reactions in whatever walk of life one may be placed. 

Up to this time I have not attempted to define 
exactly what I mean by an engineering education. 
Perhaps this hesitation has been due to my realiza- 
tion that there are those present much more capable 
of doing this than i. However, it seems my thesis 
can hardly be complete without such a definition, 
so I shall now attempt it. 


A DEFINITION OF ENGINEERING EDUCATION 


Such an education, as I see it, will comprise a 
content and a method, of which the latter is the 
more important. As to the content, it would start 
of course with the study of the characteristics of pure 
abstract numbers, that is, arithmetic, the algebra, 
and the calculus. It would then advance to the 
study of the characteristics of Euclidean space, 
namely, geometry. It would then proceed logically 
to the study of the matter which occupies space and 
its behavior on the mass plane, namely, the physics 
and mechanics, thus introducing the concepts in- 
volving time and energy. The next logical step 
would seem to be the study of the behavior of matter 
and energy on the molecular plane, namely, thermics 
and thermodynamics. This might logically be fol- 
lowed by the study of the behavior of matter and 
energy on the atomic plane, that is, chemistry and 
electrochemistry and, finally, with a study of the 
behavior of matter—energy on the electronic plane, 
namely, electricity and magnetism, and of energy on 
the vibratory plane, namely, optics and radiation. 

Perhaps these technical phases of a purely engi- 
neering education should stop here, but if time per- 
mits, at least a glimpse should be taken of sub- 
atomic physics, relativity, and the wave mechanics, 
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because although these subjects may not be under- 
stood and have little engineering significance, enough 
of their import can be gained to emphasize the one- 
ness of the universe. For instance, the statement 
that in certain concepts of the wave mechanics an 
electron may be defined as “‘the one spot in the 
universe where a multiplicity of waves fail to com- 
pletely neutralize each other’? conveys a sense of 
identity between the electron and the universe in a 
manner challenging to thought. Along with these 
subjects there must of course be some language, some 
history, some economics, some finance, and some art. 

Now as to methods, what is fundamental is the 
need to stress all through the educational process, 
the interrelationships between all these seemingly 
dissimilar subjects, the reappearance in them all of 
the fundamental laws, and the dual nature of many 
of the phenomena. Whenever, in any one of these 
subjects, a fundamental law lifts up its head it ought 
to be tagged. Of course, my memory may be at 
fault and much has been learned in 30 years, but I 
cannot recall that when I was at Worcester any one 
ever told me, when I was studying algebra, that I 
was learning the mysteries of pure numbers, the 
foundation of all exact knowledge; or when I was 
studying geometry that I was investigating the 
properties of pure Euclidean space; or suggested to 
me that physical space could possibly be other than, 
Euclidean; nor when I was studying thermo- 
dynamics do I recall that any one took the trouble 
to point out that the temperature and pressure values. 
with which we dealt were merely the statistical indi- 
cations on the mass plane in which we worked, of 
purely mechanical phenomena which were taking 
place on the molecular plane; that temperature, for 
instance, was merely a mass plane indication of 
average molecular velocity, and pressure a mere 
statistical summing up of molecular impacts. Of 
course, in those days the electron had hardly been 
discovered, and atomic structure was still a largely 
unknown subject; so it is not surprising, of course, 
that I never learned in my study of chemistry, of 
the intriguing story of the ordered sequence of the 
elements, atomic numbers, isotopes, and all the rest 
of that beautiful and fascinating tale. An engineer- 
ing education certainly ought to embrace all those 
things and many more of similar nature, and I have 
no doubt that such an education, as now taught, 
does embrace them. From the standpoint of true 
“education,” that is, of leading the mind out from 
its prison of inherited and acquired prejudices and 
its slothful acceptance of standardized thought forms 
into the free and open universe where it can receive 
the stimulation of truth impinging, like cosmic rays, 
from every direction, the comprehension of the rela- 
tionships between these various elements of knowl- 
edge is of far more importance than the mere acquisi- 
tion of the knowledge itself. Something like this is 
my conception of a real engineering education. 


A TREE WitH Roots or EpucaTIon 
Perhaps it will serve to sum up my argument if we 


think of one’s life work as a tree, with roots of educa- 
tion furnishing support and sustenance, trunk and 
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branches of training serving to keep its head firmly 
attached to the solid ground of practicality, with 
leaves of experience and flowers and fruit of accom- 
plishment overtopping the whole. A tree, if it is to 
be strong and sturdy, must have its roots in soil 
both firm and fertile. What soil could be more 
fertile to nourish the tree of one’s life work than the 
world’s accumulated knowledge of the laws of nature 
which govern the universe, and where can such a 
soil be found more sound and firm than the clearly 
defined and exactly evaluated expressions of such 
laws in the realm of physical science and engineering? 
It seems difficult to believe that any significant life 
work so rooted could be other than strong and sturdy 
and capable of healthy growth and abundant and 
useful productivity. 

Having now reached the end of my thesis it will 
doubtless have become apparent to my audience, as 
it has to me, that the engineering education of which 
I have been thinking is not a specialized civil, or 
mechanical, or chemical, or electrical engineering 


Some Features of the 
Boulder Canyon Project 


A brief résumé of some of the principal 
features of the Boulder Canyon project 
is presented herewith. Included in the 
paper are: (1) a brief review of historical 
facts leading up to the project; (2) an 
outline of principal features of the Boulder 
Dam—Los Angeles power transmission sys- 
tem, which includes a 270-mile 275-kv 
line; (3) a description of the distributing 
system in Los Angeles, which this line will 


feed; and (4) brief discussion of the flood 


control and water supply features of the 


project. 
By 
E. F. SCATTERGOOD Bureau of Power and Light 
FELLOW A.1.E.E. Los Angeles, Calif. 


M:x OF VISION serving the City of 
Los Angeles, Calif., in 1905-07, when the city had a 
population of 160,000, realized that the limited 
supply of water from local streams would not provide 
for a population in excess of possibly 350,000 people, 
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education and training. It seems to correspond 
most closely to a course in general science, and quite 
naturally so, I think, because it is such a course that 
would seem to constitute the most practical engi- 
neering education for any other than an engineering 
life work. Such an education would naturally not 
include all the specialized training required for an 
engineering career. In the terms of my tree meta- 
phor it would include the soil, the root structure, 
and possibly the trunk of the tree up to the point 
where the first branch appears. Beyond that point, 
special training for the intended career would seem 
to be required. 

In conclusion, I submit that an engineering educa- 
tion such as I have attempted so inadequately to 
suggest, which opens the mind, shows it how nature 
itself does its work, and teaches it to apply that 
knowledge through original thinking to the specific 
problems of one’s life work, is a preparation for that 
life work which has, and in the very nature of things 
can have, no equal. 


and that for additional supply it would be necessary 
to go a distance of 250 miles for water from the Owens 
River watershed along the eastern slopes of the 
Sierra Nevada Mountains. The possibility of such 
a supply was studied, together with the possible 
power developments along the aqueduct resulting 
from bringing water from an elevation of 4,000 feet 
to that of the city near sea level, and careful studies 
were made respecting the project’s justification 
from the standpoint of community benefits and self- 
liquidation. As a result, bonds were approved in 
1907 for the construction of the aqueduct, and addi- 
tional bonds were approved in 1910 for the construc- 
tion of the first permanent power generating works 
along the aqueduct. 

The first announcements of the proposed project 
to the people of Los Angeles, in July 1905, clearly 
set out that the possibility of developing large 
blocks of power at low cost would constitute the 
economic justification for a city of only 160,000 popu- 
lation to attempt constructing a project of such great 
magnitude. A $24,000,000 project was noteworthy 
in those days even for large centers of population. 
The blocks of cheap power have been developed by 
the city through its Bureau of Power and Light and 
have been utilized, as visualized and recommended 
by the management of the Power Bureau more than 
20 years ago, for the purpose of establishing industries 
and of making electricity a convenience in domestic 
and commercial life, available to all. 

During the first 10 years following the beginning 
of operations by the municipal system in Los Angeles 
in the fall of 1916, the encouragement of industry 
by the bureau and through the lowering rates of the 
Southern California Edison Company, Ltd., adja- 


A paper recommended for publication by the A.I.E.E. committee on power 
transmission and distribution, and scheduled for discussion at the A.I.E.B. 
summer convention, Ithaca, N. Y., June 24-28, 1935. Manuscript received 
Feb. 21, 1935; released for publication March 1, 1935. 
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cent to the city, resulted in increasing gross output 
for the metropolitan area from $167,000,000 for the 
first year to $1,250,000,000 for the eleventh year; 
the total invested wealth of the community three- 
fold; the business of the private electric companies 
of the community fourfold; and the value of their 
stock an average of approximately ten points up- 
ward. 

Of the 3 formerly-existing privately-owned dis- 
tributing systems within the city, 2 were purchased 
and effort is being made to purchase the third. 
Through the establishment of low rates for electric 
service, but not unduly low, and through the purchase 
of existing distributing systems, results have been ac- 
complished for the benefit of the community, without 
harm to invested capital, incomparably greater than 
could have been accomplished through paralleling or 
through undue lowering of rates which would have 
curtailed expansion at times for want of funds. 

Los Angeles and southern California have become 
recognized as an important industrial community. 
It was manifestly a duty to the community on the 
part of the Los Angeles Bureau of Power and Light 
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to take the lead in bringing to the city additional 
large blocks of low cost power for the encouragement 
of additional industrial expansion and the mainte- 
nance of an approximation to an industrially and 
commercially balanced community. Exhaustive in- 
vestigations showed that the largest block of power, 
and the lowest in cost, could be obtained, and com- 
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munity welfare otherwise served best, through the 
construction at Boulder (or Black) Canyon on the 
Colorado River of a high dam for the development of 
hydroelectric power, flood control, and storage of 
water for irrigation and domestic use—thus solving 
for many years to come the 2 most pressing problems, 
namely, a large permanent supply of low cost power 
and domestic water for future generations. On the 
strength of these investigations, the Bureau of Power 
and Light was instrumental, in codperation with 
Arthur P. Davis, Director of the United States 
Bureau of Reclamation, in furthering national legis- 
lation authorizing the Boulder Canyon project and 
in furthering appropriations for its construction. 

Careful and extensive surveys of the Southwest 
made in 1925 show the need for the waters that may 
be conserved by the Boulder Canyon project and for 
the block of low cost power that may be developed 
and transmitted to points of use. It is believed 
from such studies that the complete utilization of the 
power over a period of possibly 6 or 8 years and 
corresponding utilization of water for irrigation and 
domestic use as required will result in doubling the 
total invested wealth of the Southwest and in more 
than doubling the total gross annual output of all 
industry. 

By providing flood protection, the project will en- 
able farmers to secure necessary loans or to extend 
them in areas heretofore threatened by destructive 
floods, and thus greatly will benefit the metropolitan 
centers as well as the areas protected from flood and 
benefited by a more reliable water supply through 
seasonal and yearly stream regulation. 

Boulder Canyon power will be delivered in Los 
Angeles at low cost and will assist in community 
development; its purchase was essential to the 
financing of the Boulder Canyon project and of 
great value to the Southwest. The Bureau of Power 
and Light, through the Department of Water and 
Power, has contracted with the United States 
government for a portion of the power privileges 
created through the construction of the project dam 
in the Black Canyon, and accordingly now is con- 
structing a system for the transmission of power from 
the power plant below the dam to a central receiving 
station in the City of Los Angeles, for general dis- 
tribution and use within the city. 

Construction of the power transmission system, 
approximately 270 miles in length, is being financed 
through a loan of $22,800,000 by the Reconstruction 
Finance Corporation on the basis of repayment in 
full within 20 years, with interest. The loan will re- 
sult in actual profit to the federal treasury because of 
the high interest rate charged. The transmission 
system will consist of 2. 275 kv circuits, each divided 
into 3 equal parts by 2 switching stations along the 
way. The system will deliver, reliably, 240,000 
kw at the receiving station in the city. 

The Secretary of the Interior has required the 
Power Bureau, under the terms of the Boulder Can- 
yon Project Act, to generate and transmit power 
allocated to and contracted for by the cities of Pasa- 
dena, Glendale, and Burbank, Calif., and those 
municipalities have contracted for the right of use of 
a portion, totaling 37,368 kw, of the 240,000 kw of 
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' reliable operating transmission capacity on the basis 


of costs of installation, operation, maintenance, and 
replacement, with reasonable allowance for overhead 
percentages. 

Research work conducted over a period of 5 years 
by the Bureau of Power and Light, in its laboratories; 
at the Harris J. Ryan high voltage laboratory at 


Stanford University; and on the part of leading 


manufacturers of electrical machinery, cables, and 
insulators in their laboratories, made possible the 
following developments: (1) copper conductors 
suitable for 275 kv, which did not exist previously; 
(2) clamps and other hardware suitable for support- 
ing the particular conductor contracted for, which is 
1.4 inches in diameter and consists of a hollow copper 
tube made up of 10 interlocking segments; (3) oil 
circuit breakers for 287 kv, and 2,500,000 kva in- 
terrupting duty, with necessary relays, which will 
clear any section of either transmission circuit that 
may. be in trouble within approximately 1/1) second 
from the instant of short circuit; and (4) main gen- 
erating units in the plant with only 17.5 per cent in- 
herent reactance. This and other pioneering work 
has made possible the provision of generating units, 
transmission lines, and receiving station equipment 
at a total cost of $30,000,000 while the investment 
cost using the best standard machinery, transmission 
equipment, and construction practice now in use 
would approximate $42,000,000 and would afford 
less flexibility and reliability. 

The total estimated cost of the transmission line 
and receiving station facilities is $22,800,000. Of 
this amount, the transmission line, including right of 
way and communication facilities will cost $13,700,- 
000; the intermediate switching stations including 
operators’ cottages and permanent camp facilities 
$2,000,000; the autotransformer step-down station 
$1,000,000; the receiving station facilities including 
synchronous condensers $4,400,000; and the trans- 
mission line extension from receiving station B to re- 
ceiving station D (see figure 1) $1,700,000. 
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Preliminary Studies. Engineers of the Bureau of 
Power and Light realized that the amount of power 
that could be supplied to a solidly interconnected 
system for distribution must be limited. The limi- 
tation might be controlled by ability to provide 
successful control equipment, but the actual limiting 
features are combined economy of investment, main- 
tenance, and replacements coupled with reliable 
operating conditions. 

In order that over-all economy and reliable service 
may be realized, the main power supply for Los 
Angeles, which comes from distant hydroelectric 
plants in large blocks, must be delivered in blocks 
thus limited in capacity at separate receiving sta- 
tions in different sections of the city; and from the 
receiving stations it must be distributed over moder- 
ately high voltage lines to numerous local distributing 
stations in each of the respective sections. 

It is true, also, that in the interest of economy and 
reliability the required steam auxiliary and stand-by 
capacity must be generated at some advantageously 
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located center and made available by means of in- 
terconnecting lines to each of such central receiving 
stations for auxiliary purposes and for stand-by in 
emergencies. The alternative of having separate 
steam auxiliary and stand-by for each block of hydro- 
electric power would be exceedingly costly in itself 
and, furthermore, there would be no provision for 
profiting by diversity through interchange between 
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Fig. 2. One-line wiring diagram of a typical re- 
ceiving station 


such central receiving and distributing stations, nor 
for the greater reliability afforded by such inter- 
connecting lines. 

General Plan of Distributing System. Saturation 
of the area when fully developed in and immediately 
around Los Angeles probably will require a power 
supply of 1,500,000 kw. This area and load will be 
supplied ultimately from 5 or possibly 6 independent 
power systems, each with its central receiving and 
distributing stations located more or less centrally 
within one of the respective load sections of the city. 
Each system ultimately will have a load with a peak 
demand commensurate with 250,000 kw. At the 
present time 3 such receiving stations are in operation 
and are designated as stations A, B, and C (see figure 
il); 
A fourth central receiving station, to be known as 
station D, is projected and will be constructed in con- 
junction with the Boulder Canyon power transmis- 
sion system, the main terminus of which will be at 
Station B, located in the east central part of the 
city, with station A at the north and station C in the 
harbor district to the south, as shown in figure 1. 
Figure 2 shows a one line diagram of a typical cen- 
tral receiving and distributing station. The trans- 
mission circuit voltage of 275 kv is transformed to 
the 132 kv bus voltage by means of autotransformers, 
which, technically speaking, are part of the trans- 
mission lines. 

Power is distributed from each receiving station 
to the local distributing stations of the respective 
districts at 33 kv. The circuits are radial from the 
receiving station and generally tandem from one local 
station toanother. The main 33 kv receiving station 
bus is sectionalized into 4 independent sections, each 
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bus section having its own 132-33 kv transformer 
bank. Each bus section also is connected to a re- 
actor bus through rather large 33 kv reactors. 
Under normal operating conditions there are practi- 
cally no energy losses in these reactors. 

The various receiving stations are tied together 
by duplicate 132 kv belt circuits, the purpose of 
which is to hold the several systems in synchronism, 
to supply power to any one system from the other 
systems in event of transmission circuit failure, to 
make the steam reserve plant available to all the 
systems, and to equalize the difference between the 
power available and the power demands of the vari- 
ous systems. The belt circuits are designed to 
transmit the full load of any one system of 250,000 
kw, which would be necessary in event of a complete 
failure of its regular source of supply. 

At each receiving station, the belt circuits are 
connected through oil circuit breakers to an exten- 
sion of the main 132 kv duplicate station bus. Be- 
tween each of the duplicate busses so extended and 
the corresponding main station busses are large re- 
actors. Each reactor has a current capacity equal 
to 1/, of the total station capacity. 

Station A was put in service 18 years ago. In this 
station, the arrangement of busses is slightly differ- 
ent from that described and the high voltage bus is 
operated at 110 kv, the transmission voltage from 
the aqueduct plants, instead of 132 kv. The tie 
between station A and the belt circuits is the same 
as described except that transformers incorporating 
the necessary reactance are installed between the 110 
kv station bus and the 132 kv belt circuits. 

Each local distribution station supplies an area of 
from 3 to 7 square miles depending upon load den- 
sity. Three sizes of stations are standard, 3,000, 
10,000, and 50,000 kw. These stations are all of the 
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indoor type and a great deal of attention is given to 
the architectural details of the stations and to the 
appropriate landscaping of the grounds. Figure 3 
shows a one line diagram of a typical local distribu- 
tion station. 

Large industrial consumers having loads of 1,000 
kva or greater are generally supplied directly from 
the 33 kv system. Each consumer has connections 
to 2 independent 33 kv circuits. These circuits are 
entirely separate from the 33 kv circuits supplying 
the local distribution stations. 

When developed to a peak load of 11/, million kw, 
the system as described will have a short-circuit duty 
in its various parts as follows: The 132 kv belt cir- 
cuits, being the common tie between the various 
systems, will have a short-circuit duty not to exceed 
3,500,000 kva. The duty at any receiving station 
will not be more than 2,500,000 kva on the 132 kv 
bus, and 1,500,000 kva on the 33 kv bus. The duty 
on any 33 kv distribution station bus will not be 
more than 1,000,000 kva. 


BOULDER CANYON PROJECT 


The Colorado River Boulder Canyon storage and 
power project, which now is nearing completion, will 
provide needed flood protection in the Imperial 
Valley and other agricultural areas in California and 
Arizona along the lower reaches of the river; will 
regulate the flow and conserve the flood waters for 
the benefit of irrigation and domestic supply; and 
will provide large blocks of low cost electric power. 

The flow of the Colorado River varies greatly 
through seasons of the year and through periods of 
low and high annual precipitation in the river basin 
and run-off. The average flow through Boulder 
Canyon site under present conditions of water use 
in the upper basin states 
equals 22,000 cubic feet 
per second, which corre- 
sponds to an average yearly 
run-off measured at the 
Boulder Canyon site of 
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BESO 15,915,000 acre-feet. 
-3O During the months of 
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EO annual flood run-off takes 
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ee 30 this period the flow is often 
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FEEDERS water required for irriga- 


tion below in California 
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year 1934 the low flow was 
but 1,570 cubic feet per 
second, while the usual 
total requirement for irri- 
gation during the early fall 
months is approximately 
5,000 cubic feet per second. 
This shows the great ne- 
cessity for conservation of 
flood waters and regula- 
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tion of the stream for the benefit of agriculture and 
in order to make possible the needed additions to 
the domestic supply of cities of southern California. 

Great benefit will result from the storage project 
through the elimination of silt amounting to a 
yearly average of something in excess of 100,000 
acre-feet now passing the Boulder Canyon site. 
The great reservoir will provide ample capacity for 
intercepting the burden of silt for centuries to come. 
The storage capacity is equivalent to the silt of 300 
years, but future storage at Glenn Canyon will inter- 
cept more than half the silt and reservoirs above 
Glenn Canyon, which will be provided for power de- 
velopment, will help regulate the flow and reduce 
the capacity requirement at the Boulder Canyon 
storage for flood protection and conservation pur- 
poses. 

Imperial Valley lies from 100 to 300 feet below the 
level of the river as it passes southward between its 
dykes to the east, and the valley is nearly that dis- 
tance below sea-level. The danger of floods has 
been a continual menace to this great valley. Mil- 
lions of dollars have been spent for construction and 
maintenance of levees thus seeking to protect the 
region from overflow, with only partial success. 
Several breaks of magnitude in the levees occurred 
during 1905-06 and 1907, causing inundation of 
much of this rich valley floor and untold damage to 
crops and homes. To complicate the situation fur- 
ther, the reaches of the river where breaks in the 
levees generally occur are in Mexico and are thus 
under foreign jurisdiction. 

Through the sale of the leases of power privileges 
the United States government will receive, in addi- 
tion to full reimbursement for its investment with 
interest within 50 years and in addition to funds 
for yearly payments to the states of Arizona and 
Nevada in lieu of taxes, estimated surpluses or 
profits amounting to $63,000,000 for the period, to- 
gether with further profits over the period amounting 
to the difference between 4 per cent interest on an 
average of $60,000,000 and the percentage of interest 
actually paid by the government. 

The solid concrete dam rises 587 feet above the 
natural water level of the river creating a storage 
capacity of 30,500,000 acre-feet or more than 4 
times the capacity of Gatun Lake along the Panama 
Canal. When filled, the reservoir will extend 115 
miles up the canyons of the Colorado between 
the states of Arizona and Nevada and 35 miles 
up the valley of the Virgin River to the north in 
Nevada. 

The ultimate installed capacity of the power plant 
will be approximately 1,400,000 horsepower at mini- 
mum operating head, and will consist of an equiva- 
lent of 16 main generating units of 65,000 kw rated 
capacity each, with a maximum capacity of 82,500 kw 
each. The machinery and equipment at the power 
plant will be installed by the federal government and 
paid for by the allottees of power as advanced rent- 
als in full with interest within 10 years. Title to 
the complete project, including machinery, will rest 
permanently with the United States government. 

The project will be operated under the direction 
of the Secretary of the Interior: first, from the 
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standpoint of flood control; second, from the stand- 
point of water conservation and use for agriculture 
and domestic purposes; and, third, for the benefit 
of power. It is declared that the firm or reliable 
power will equal 4,330,000,000 kilowatt hours at the 
plant for the first year of operation and will decrease 
by the amount of 8,760,000 kilowatt hours each year 
on account of the increased use of water in the upper 
basin states. In addition to firm power there will 
be for many years in excess of 200,000 horse power 
of secondary power available on an average of 70 per 
cent of the time. 

The Bureau of Power and Light of Los Angeles 
has been designated the generating agent for itself 
and all public allottees and the Southern California 
Edison Company, Ltd., as agent for itself and other 
privately owned power companies. The Metropoli- 
tan Water District of Southern California, which 
was formed for the construction of an aqueduct from 
the Colorado River for delivering domestic water to 
13 cities of southern California, including the City 
of Los Angeles, was allotted 36 per cent of the firm 
power and the first right of secondary power for 
pumping water in and through the aqueduct in order 
to lift it over the divide; the Bureau of Power and 
Light of Los Angeles and 3 other municipalities were 
allotted 19 per cent; the private power companies 
9 per cent; and the states of Arizona and Nevada 
each have an option, which they may use any time 
during the 50 year period in part or in whole, on 18 
per cent of the firm power. The power allotments 
enumerated are made under firm contracts requiring 
the allottees to pay for the right of use of the falling 
water whether utilized or not; and each of the 2 
principal lessees or generating agents are obligated 
to pay for half of the power not used by the states of 
Arizona and Nevada under their options. 

Payments to the federal government for the right 
of power privilege, that is, the right to use the falling 
water below the dam for the generation of power, are 
based upon 1.63 mills per kilowatthour for firm 
power and 0.5 mill for secondary power, a rate that 
may be changed at the end of 15 years and every 10 
years thereafter, and that is intended to be based 
upon the cost of power otherwise available in com- 
petitive centers. 

Justification for the development of a great water 
and power project like the Boulder Canyon project 
on the Colorado River depends upon 2 principal 
factors: (1) the engineering feasibility and the rea- 
sonableness of cost of the project itself in proportion 
to the amount of resources made available; and (2) 
the sufficiency and permanency of demand for such 
resources and the actual need for them in the up- 
building of the community affected. These re- 
sources may consist of conserved water, developed 
power, or increased wealth resulting from flood pro- 
tection or navigation. 

The Boulder Canyon project is wholly self-liquidat- 
ing, including the cost of protection against disaster 
from floods to large agricultural areas below it, and 
will result in the creation of resources that will 
make possible opportunity for livelihood and happi- 
ness of an increasing multitude of people in the South- 
west. 
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Circuit Breakers 


for Boulder Dam Line 


Because of its length, 270 miles, the 275 kv 
transmission line from Boulder Dam to Los 
Angeles, Calif., requires extremely high 
speed switching for stability. To meet the 
requirements, a high voltage impulse circuit 
breaker, extending the oil blast theory to 
cover a multibreak construction with double 
cross-blast ports, has been built. It pro- 
vides over-all switching times consistently 
less than 3 cycles (3/60 second). Ap- 
proximately 10 per cent as much oil is used 
as in a comparable breaker of conventional 
design, and only 1/10 of this is exposed to 
arcing. Large factors of safety are provided 
over and above the interrupting rating of 


5,000 amperes, 287 kv, or 2,500,000 kva. 


By 
D. C. PRINCE General Elec. Co. 
FELLOW A.I.E.E. Philadelphia, Pa. 


1 275 kv trarismission line under 
construction from Boulder Dam to the City of Los 
Angeles, Calif., a distance of 270 miles, is the highest 
voltage transmission line yet undertaken, and the 
longest line without branch circuits. Because of the 
distance covered and the amount of power to be 
transmitted, the line may be required to operate 
near the stability limit. To secure the maximum 
through power under fault conditions, the 2 parallel 
tower lines are united and sectionalized at 2 desert 
switching stations located respectively 90 miles 
from each end of the line. At each switching sta- 
tion and at sending and receiving stations 4 2,500,- 
000 kva circuit breakers are to be installed, so con- 
nected that in the event of a fault anywhere on the 
line, only one 90 mile circuit need be cut out. Power 
then will be transmitted over the remaining 90 mile 
single circuit and 180 miles of 2 circuit line. 

Even with this amount of sectionalizing, stability 
studies have indicated that a reduction of switching 
time from 8 cycles to 3 cycles may be expected to 
produce a substantial increase in the maximum 
power limit. In an extreme case, this increase 
might approach 50 per cent. Three cycle operating 
time, therefore, has been specified for the high volt- 


Full text of a paper recommended for publication by the A.I.E.E. committee on 
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age circuit breakers to be installed both at terminal 
and intermediate switching stations. 

Circuit breakers designed along conventional lines 
for this high voltage would be enormous and would 
require a tremendous volume of oil, very heavy 
foundations, and special oil handling equipment; 
such breakers thus would be particularly inconve- 
nient for a desert location. Considerable time 
would be required to drain such a circuit breaker, 
even for inspection. In fact, all the operations of 
service and maintenance would be complicated, es- 
pecially at the remote points where some of these 
circuit breakers are to be installed. The require- 
ments, therefore, appeared to indicate the desira- 
bility of a new type of breaker; the breaker devel- 
oped to meet these requirements is described in this 
paper. 

The principal novel features of this circuit breaker 
are: its high speed operation, 3 cycles from initia- 
tion of tripping impulse to interruption of circuit; 
and its small oil volume, about 1/1 that of an equiva- 
lent breaker of conventional design. Furthermore, 
the design of the breaker is such that the oil exposed 
to arcing is only about 1 per cent of that exposed in 
an equivalent conventional breaker. Its high speed 
operation results in: 


1. Improved system stability. 


2. Reduced damage to line conductors and insulators from dynamic 
current following faults. 
8. Reduced maintenance. One cycle or less of arcing produces 
negligible burning on contacts. Oil deterioration is very slight. 

4. Improved service. A voltage dip is hardly noticeable even 
with sequential operation. 

Advantages of the small oil volume are: 


No special oil handling equipment required. 
Negligible fire hazard. 
Unusually short time to drain and refill. 


Interior parts available for inspection in short time. 


A ye Ro 


Large saving both in first cost and replacement of oil. 


6. Low weight simplifies foundation problem and difficulties of 
transportation and erection. All parts are light in weight, giving 
easy handling. 


THEORY 


The oil blast theory was enunciated in 1931 and 
has been described and amplified in various publica- 
tions since that time (see references at end of paper). 
In brief it has been shown that the behavior of an oil 
blast circuit breaker is explained by the equation: 


v 
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where 

v = voltage 

t = time 

d = distance 

v/t = rate of rise of recovery voltage 

v/d = oil dielectric strength 

d/t = oil velocity 


If the oil velocity is greater than d/t, the are can- 
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not restrike after a current zero; if less, it may re- 
strike. In this equation, the dielectric strength of 
the oil has been shown by experience to be approxi- 
mately 55 kv for 0.1 inch, a value not sensitive to oil 
condition. The reasonableness of this value has 
been demonstrated by impulse tests on new and on 
used oil.? 

Where pressure and not velocity is measured, the 
2 are related by equation 2, which expresses the well- 
known law of flow of hydraulics: 


= V2gh = 128Vp (2) 


velocity in feet per second 

gravitational acceleration, 32.2 feet per second per second 
head in feet 

p = pressure in pounds per square inch 

The constant is for oil of density 0.9. 
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For the original form of contacts, a single wall of 
oil formed at substantially the velocity of linear oil 
flow as shown in figure 2a. Later the cross blast ar- 
rangement was developed for higher voltages as 
shown in figure 2b. In this form the gas bubble is 
separated from both contacts by oil walls which must 
be punctured to reéstablish the arc. In the most 


1. For all numbered references see list at end of paper. 


One of the 287-kv single-phase high-speed 
impulse oil circuit breakers set up for test 


Fig. 1. 
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recent development 2 ports are provided, as shown 
in figure 2c. The gas bubble is divided into 2 parts, 
giving a total of 4 oil walls forming at the linear ve- 
locity of oil through the ports. 

The form of oil blast circuit breaker most suitable 
to meet the present requirements is the impulse 
breaker, in which a positive and definite oil flow is 
produced by a spring driven piston.? This form of 
circuit breaker has 2 important advantages: Since 
the oil is driven mechanically, it is not necessary to 
wait for the formation of an arc before oil flow is 
available to interrupt the circuit. This is important 
in securing high speed operation. Since the full oil 
velocities are available at light currents as well as 
heavy, it is not necessary to provide a long stroke. 
This makes possible the design of a circuit breaker of 
moderate proportions for this extreme voltage. The 
impulse theory has the further advantage that as a 
quantitative theory, it permits the quantitative de- 
sign of this very high capacity breaker. Otherwise, 
the design would be dependent entirely upon the 
trial and error method, which becomes rapidly more, 
cumbersome and expensive as the size of the appara- 
tus increases. 

Previously published studies have indicated the 
desirability of multiple breaks for high voltage, pro- 
vided a structure is available that gives reasonably 
uniform distribution of potential between the various 
breaks. 

An oil flow should be maintained for a conserva- 
tive length of time, say 4 or 5cycles. The amount of 
oil required to keep up this flow is directly propor- 
tional to the velocity, and the pressure is propor- 
tional to the square of the velocity. The work done 
per operation is the product of these 2 and, there- 
fore, is proportional to the cube of velocity, as shown 
in equation 3. 
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pd = Kho’ (3) 


= pressure 

= velocity 

= displacement 

= energy 

number of breaks 
= constant 

= constant 
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By using several breaks, provided the recovery 
voltage is divided equally among them, the oil vol- 
ume required to pass through several breaks is pro- 
portional to their number, but the required oil ve- 
locity is inversely proportional to the number of 
breaks. Therefore, the energy is inversely propor- 
tional to the square of the number of breaks, as 
shown in equation 4. 

For ” breaks providing the same aggregate ve- 
locity: 


Cla Kh (4) 


This relationship holds only so long as the division 
of recovery voltage among the breaks is equal. 


367 


Where the division of recovery voltage is unequal, 
the voltage appearing across the most highly stressed 
break would appear a logical choice instead of the 
total voltage divided by the number of breaks. On 
a line-to-ground fault on a multibreak tank type 
breaker, as much as 90 per cent of the total voltage 
may appear across the break on the ungrounded 
side. A good deal of careful design work is neces- 
sary, therefore, if the relationship expressed in equa- 
tion 4 is to be utilized to advantage. 

As a preliminary to building the first 287 kv cir- 
cuit breaker, a 138 kv breaker was constructed. 
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(6). Single port cross blast, more effective at higher voltages 
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(c). Double port cross blast most effective for high voltages. 
Further multiplication extends time required to uncover ports 


Fig. 2. Cross sections of contacts for 3 types of oil 
blast circuit breakers 


Fig. 3. Experi- 
mental _ verifica- 
tion of relation 


between oil pres- 
sure and rate of 
rise of recovery 
voltage for one 
of 4 single-port 
cross-blast breaks 


* Plotted recovery 
rate is calculated re- 
covery rate times 


0.48 where entire 
breaker was used, 
and times 0.63 
where grounded 
half of breaker was 
short-circuited 
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Fig. 4. Potential anaibenon across breaks of 8- 
break 287-kv impulse circuit breaker under worst 
field conditions 


This circuit breaker had 4 breaks,® the individual 
breaks being as shown in figure 2b. Potential dis- 
tribution measurements were made on this breaker 
to determine what fraction of the total voltage would 
appear across the most highly stressed break; figure 
3 gives an analysis of these tests. In determining 
the rate of rise of recovery voltage which is used as 
the ordinate, the total rate of rise appearing across 
the circuit breaker was divided in accordance with 
the measured potential distribution, and only the 
value that appears across the most highly stressed 
break was used. The plotted test points, indicated 
by circles, represent the pressure and rate of rise at 
the last current zero, that is, at the time the circuit 
was interrupted. The crosses indicate the oil pres- 
sure and rate of rise at the previous current zero, 
eliminating only those tests for which at the pre- 
vious current zero the contacts were too close to- 
gether to uncover the oil port. The broken line 
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Table I—Test Data on 287-Kv 600-Ampere Single-Phase 
Impulse Oil Circuit Breaker, 60 Cycles 


Initial Rate of Rise Cycles Contact Separation, In. 
Current of Recovery From —_ 
Test in Arc, Voltage, Auxiliary At At Previous 
Volts, Amp Volts Relay Tripto Inter- Current Test 
Ky (Effective) per »Sec Interruption ruption Zero No. 
Full Breaker—8 Breaks 
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marked “radial blast’’ corresponds to an impulse 
dielectric strength of 55 kv for 1/1. inch of oil, deter- 
mined in the first work on the impulse breaker, 
figure 2a. This data merely has been replotted in 
terms of oil pressure instead of velocity. The full 


line of figure 3 has twice the ordinate of the broken ° 


line, to take account of the fact that the flow of oil is 
across the contact instead of radially, as in figure 2b. 
The fact that this line separates the region of all 
circles from that of mixed circles and crosses proves 
not only that the cross blast is, as expected, exactly 
twice as effective as the radial blast in terms of re- 
covery voltage cleared for a given oil pressure, but 
also that the behavior of a multibreak breaker of 
this type can be predicted by determining the rate 
of rise appearing across the most highly stressed 
break and then applying the single break formula 
for the rate of rise so found. 

Figure 4 shows the potential distribution deter- 
mined for the 287 kv circuit breaker. The sides of 
the triangle represent the line voltage vectors. 
When the first phase clears, in the event of a 3 phase 
fault, the recovery voltage appearing across the 
phase is 0.866 times the full line voltage, and this is 
distributed across the 8 breaks of this circuit breaker, 
as shown in the diagram. Using this method of de- 
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termining the recovery voltage rate across the most 
highly stressed break, figure 5 has been prepared. 
The lowest broken line is repeated from figure 3. 
Since this cross blast proved twice as effective as the 
radial blast, it seemed possible to break up the arc 
space further and secure even more effective use of 
the oil blast by the construction shown in figure 2v. 
Accordingly, in the new design 2 ports are employed 
instead of one for each pair of contacts. In the 
lower right-hand corner of figure 5 is shown a plan 
view of the arrangement. Oil carries the gas bubble 
into these 2 ports where it is broken up twice as 
much as with the single port arrangement of figure 
2b and 3. On the assumption that the effectiveness 
in terms of recovery voltage should be twice as 
great in this arrangement as in that of figure 2b, the 
full line of figure 5 has double the ordinates of the 
full line of figure 3. So far, the data taken have not 
yielded any crosses, that is, there have been no “‘next 
to the last’’ current zeros at which the 2 ports have 
been uncovered. In all tests the circuit has been 
interrupted at the first current zero after the moving 
contact has uncovered the 2 ports, although in many 
of the tests the recovery rate was considerably 
higher than would have been cared for by the single 
port arrangement in figure 38. Additional tests are 
to be made to determine the limitation of this new 
arrangement and establish quantitative factors. 
The tests made so far, however, have established a 
considerable advantage in the double port for a high 
voltage circuit breaker. 


CONSTRUCTION 


Figure 1 shows one pole of the circuit breaker de- 
veloped to meet the severe requirements of the 
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Fig. 6. Cross section of one element of the Boulder Dam-Los Angeles line circuit breakers; each single phase breaker 
consists of 2 elements 


Boulder Dam-Los Angeles line, incorporating the 
structure indicated by the preceding theory. In- 
stead of the single interrupting element of the 138 
kv design, 2 have been provided, each containing 4 
breaks and a piston to furnish the oil blast. These 
2 interrupted elements are mounted through hinged 
joints upon a central column made up of a tube of 
molded insulating material protected from the 
weather by a porcelain shell. Through this tube the 
wood operating rod passes to the spring charged 
mechanism below. ‘The outer ends of the interrupt- 
ing elements are supported on cascade type current 
transformer columns by a roller joint to permit 
freedom of expansion and relative movement re- 
sulting from vibration, misalignment, or other 
causes. The pole is mounted upon a steel frame- 
work so as to provide adequate clearance from live 
parts to ground. A complete 3 phase unit of this 
design weighs approximately 110,000 pounds, as 
compared with 290,000 pounds for a breaker of con- 
ventional tank type design. It contains a total of 
2,500 gallons of oil, compared with 23,000 gallons for 
the conventional design, or approximately 1/1) as 
much total oil. The oil actually exposed to arcing 
is only 210 gallons, or somewhat less than one per 
cent of the oil exposed in the conventional breaker. 

The construction of one of the interrupting 
elements is shown in figure 6. The interrupting ele- 
ment is built upon a tube of molded insulating ma- 
terial, which is protected from the weather by porce- 
lain shells. These shells, however, are not subjected 
to any of the mechanical forces. The casting con- 
taining the piston and contact mechanism is bolted 
to one end of the molded tube. The other end is 
closed by a suitable casting. To disassemble the ele- 
ment, the 35 gallons of oil in one unit are drained off: 
the circular plate at the end of the unit then is un- 
bolted, permitting the withdrawal of the diaphragm 
with all of the contact parts attached to it. 
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Detailed construction of this unit is shown in 
figures 7 and 8. Figure 7 shows the top of the dia- 
phragm with the rib that braces it to the center of 
the top of the molded insulating tube. It also shows 
the exit ports through which the oil flows during 
operation. The central fin separates these ports so 
as to prevent the gas bubbles from coalescing after 
they have been driven through the ports. Figure 8 
shows the lower side of the interrupting assembly. 
The 4 moving contacts are carried on crossheads 
which bridge the parallel wood rods. The circuit 
is completed to the moving contacts by means of 
heavy flexible cable, and each contact is provided 
with its separate spring to insure uniform pressure 
on all contacts. The contact surfaces themselves 
are made of a silver-tungsten alloy. The particular 
contacts shown have been through 30 or 40 short- 
circuit operations and show practically no burning. 
All of the spaces between molded insulating tube 
and porcelain shell are filled with oil, each space 
having its separate expansion chamber or conserva- 
tor. 

Each pole is operated by a spring charged mecha- 
nism providing positive high speed operation with 


Fig. 7. Top of 
baffle showing 
discharge of dou- 
ble ports sepa- 
rated by longi- 
tudinal fin to pre- 
vent breakdown 
between hot gas 


bubbles 
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_ A—Motion of wood operating 
rod and piston: each step repre- 
sents '/2 inch of travel of rod; 
3/3 inch of piston 
B—Short circuit current 
C—Piston pressure: (1) at in- 
terruption, 80 pounds per square 
inch; (2) maximum, 135 pounds 
D—Current in opening trip coil 
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A—Arc voltage 
B—Short circuit current 
C—Motion of contacts: each 
step represents 1/¢5 inch of travel; 
(1) contacts separate 

~ D—Current in high speed opening 
relay coil 
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A—Total control current 
B—Short circuit current 
C—Pressure at end of tube: 
(1) at interruption,110 pounds per 
square inch; (2) maximum, 143 
pounds 


Fig.9. Oscillograms showing */2 of 287 kv impulse 


oil circuit breaker interrupting a 132-kv 1,200- small drain on the station battery. A permanent 
ampere short circuit magnet trip of the flux shifting type gives highest 
speed response with no steady drain on the station 
Time from trip impulse to contact separation, 2.0 cycles; to 
battery. 
interruption, 2.5 cycles. Contact separation at interruption, 
1.0 inch per break. Rate of rise of recovery voltage, 2,900 
volts per microsecond TESTS 


The 287 kv rating carries with it a one-minute 
high-potential test of 650 kv. This test was made 
successfully with the circuit breaker open and one 
side grounded. After this, the voltage was raised 
to a flashover value corresponding to 780 kv under 
standard conditions. At this point the flashover 
occurred across one of the current transformer 
columns to ground, rather than across the interrupt- 
ing elements. High voltage impulse tests also were 
made, in which the circuit breaker was flashed over 
bya 1X5 microsecond wave having a crest of 1,900,000 
volts. As before, the flashover occurred across the 
outside of the current transformer columns. An 
extended series of interrupting tests was made, from 
which representative tests are given in table I. Of 
all other tests made but not shown in the table, none 
exceeded 3 cycles over-all from the trip impulse. 
In this table tests are shown for currents as high as 
9,300 amperes, or nearly twice the interrupting rat- 
ing of 5,000 amperes. The whole breaker has in- 
terrupted 264 kv, compared with 250 kv which is 


Fig. 8. Lower side of baffle showing contact and 0.866 times the line voltage. This same voltage 
operating rod assembly and entrance of double has been handled successfully by half of the breaker 
ports. Contacts are in excellent condition after without increased arcing time; 88 kv has been in- 

extended tests terrupted by a single break without increased arcing 


Apri 1935 ; sy Al 


time. A voltage as high ae CT a eee eal es 

as 110 kv has been inter- es ot 12 
rupted by one break; this Z [ee a eee ed “ia g 
latter voltage, however, S 100 ott NO 10% 
appears to indicate the a tt. WEE ay i : 
ultimate capacity of one a 80 24 See hER EAC Nae 
break, as in one of the 2 5 Jf CURRENT Se b= K. | 65" 
tests at that voltage the arc- pee TEN = 
ing time was extended. 5 ah or Be 46 
The average total time for D3 w 
all tests except the sugle © 20 a 2 
break tests was 2.54 cycles, % th 

of which 0.54 cycle was 0 oll IL WAL AZ! - 5 A 


RELAY 
TIME 


Alva 
I\V 


264 
KV 


arcing time. In 17 of the 
tests shown in table I, the 
contacts had not sepa- 
rated at the current zero 
previous to the one at which 
interruption occurred. 
The maximum arc length 
of all the full breaker tests 
was 1.5 inch per break, 
while for !/,. breaker tests 
the arc length was 1.9 
inch per break. During 47 
tests, including the high 
current tests in the table, oil dielectric strength fell 
from 28 to 20.5 kv for 0.1 inch. 

The interrupting rating of this 287 kv circuit 
breaker is 2,500,000 kva. The highest single phase 
capacity in any of the tests of the whole breaker in 
table I is 300,000 kva. However, in test 100 made 
on one break at a voltage 50 per cent higher than one 
break can receive in service, 3,800 amperes was in- 
terrupted; this is equivalent to a 3 phase interrup- 
tion of 1,890,000 kva on the whole circuit breaker. 
A further analysis of the basis of extrapolation with 
this type of breaker appears in the appendix. 

Figure 9 shows oscillograms of a typical test show- 
ing an interruption of the circuit in 2'/, cycles. 
These oscillograms show the measurement of pres- 
sure and the travel of various parts. These data 
have been analyzed to make up the composite chart 
shown in figure 10, on which all of the various events 
have been plotted. It appears that after the trip 
impulse has been impressed upon the auxiliary relay, 
the current begins to flow in the main trip coil after 
0.1 cycle. At the end of 1 cycle, motion of the 
major parts is observed. At 2 cycles the contacts 
separate, and at the next current zero, occurring in 
this test at 2.4 cycles, the circuit is interrupted. 


800-AMP 
SHORT-CIRCUIT 
CURRENT 


Appendix—Extrapolation of Test Results 


In general, the larger circuit breakers of today cannot be tested at 
rating in any of the existing testing plants. It is necessary, there- 
fore, to use some basis of extrapolation, just as is done with other 
large equipment. The basis of extrapolation is not the same for 
different types of circuit breakers. Two methods of extrapolation 
are available for the high voltage impulse breaker which prove its 
high power performance with certainty, but which would not be 
applicable to other types without special proofs. 

The potential distribution has been determined. The highest 
voltage appearing across one break is known. Test 100 (table I) 
at a voltage 50 per cent higher than the highest voltage in service 
was equivalent to nearly 2,000,000 kva on the whole 3 phase breaker, 
If there were only a few breaks, or if the voltage actually appearing 
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Fig. 10. Time diagram of operating characteristics of 287 kv impulse circuit breaker; 
time in cycles is based upon a 60 cycle system 


across one break were not ascertainable, this method of extrapola- 
tion would not be available. 

The impulse breaker has another property helpful in extrapolation 
that is only approached by a few other types. Arc length is con- 
stant over a wide range of test voltage. The distress in a circuit 
breaker is caused by electromagnetic forces, contact burning, and 
gas formation with the pressures incident thereto. These are 
determined by the arc length in time andinches. Ifa circuit breaker 
has a sufficiently positive arc extinguishing process to operate at full 
voltage and recovery rate, but at light currents, the question re- 
mains: Would the are interrupting function be modified at heavy 
currents, and if it is not modified will the circuit breaker stand the 
additional punishment accompanying the heavy full rated current? 

The high voltage tests of table I prove that the interrupting 
element will take care of the highest voltages and recovery rates 
with a safety factor of at least 100 per cent. At lower voltages, 
are length in cycles and inches remained substantially the same, 
as did the oil pressures and oil velocities. Therefore,.the ability to 
handle high voltage and high recovery rate was present even though 
not used. At lower voltages the current was increased to nearly 
double rating without altering these voltage interrupting conditions. 
The 9,300 amperes in test 37 is equivalent on this basis to 4,600,000 
kva. It is concluded therefore, that all the distress elements were 
present and that the simultaneous appearance of voltage and 
recovery rate would have made no difference. Under these condi- 
tions, extrapolation is justified where it would not be if are length, 
pressure, and other factors were variable with voltage. 
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Direct Measurement 
of Surge Currents 


A new instrument, called the surge crest 
ammeter, based upon the principle of 
magnetic retentivity has made available a 
direct and simple method of measuring 
surge currents. A study of the behavior 
of 2 magnetic links under the influence of 
oscillatory surge currents has made this 
instrument useful in measuring the per 
cent oscillation as well as crest values of 
surge currents. Specimen measurements 
included in this paper show briefly one 
application of this instrument. 


By 
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T PROVIDE for a high standard of 
power service a great many problems related to tran- 
sient or surge conditions must be met successfully. 
These problems concern insulation and mechanical 
strength and involve a great variety of circum- 
stances. The designer must have adequate informa- 
tion concerning the nature of the existing transient 
conditions and reliable data pertaining to the surge 
performance of materials and apparatus arrange- 
ments. Instruments and methods of measurement 
adapted to the study of surge voltages and surge 
currents are necessary. 

Throughout the early years of the era of electric 
power suitable surge instruments were not available. 
For many years the sphere gap!‘ for measuring 
crest values of surge voltages was the only practical 
surge measuring apparatus in the hands of the engi- 
neer. Within recent years surge voltage recorders 
of the Lichtenberg figure type,*~’ surge indicators, ® 
and the cathode ray oscillograph®~*> have been intro- 
duced in the form of practical working instruments 
applicable to surge measurements. Good progress 
in the field of surge measurements has been made 
since the introduction of these tools. 
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In studies of lightning strokes on transmission 
lines!*17 recent developments have made it vitally 
important to have available a simple arrangement 
for the direct measurement of crest values of surge 
currents. A measuring instrument that would per- 
mit the location of hundreds of current measuring 
stations with a minimum of attention and give 
reasonable accuracy was required. For this purpose 
a surge crest ammeter based upon the principle of 
magnetic retentivity was conceived; it has been 
made practical through a series of laboratory tests 
and calibrations extending over a period of 3 years. 
Field work pertaining to measurements of surge 
currents was continued in progress along with this 
laboratory work.!® As rapidly as instruments and 
methods were worked out in the laboratory, measur- 
ing stations were established in the field. Prelimi- 
nary surveys of progress in the design of this instru- 
ment have been published previously.1*’% In this 
early work, which pertained particularly to uni- 
directional polarity surges, the principles involved 
and technique were obvious in their simplicity and 
directness. Later work with oscillatory surges intro- 
duced principles and methods that are not under- 
stood quite so readily. This paper presents these 
recent developments including important material 
not published heretofore. 

The principal features of the surge crest ammeter 
that make it ideal for measuring surge currents are: 


1. It is a direct method of measurement; when properly installed _ 
the links respond only to the magnetic field present when a current 
flows through a conductor. 


2. Itis simple, and because of this a great many measuring stations 
can be operated at small cost per station. 


38. It can be installed easily without disturbing in the least the 
current carrying circuit. 


4. Jt measures current amplitude and per cent oscillation, and 
shows current polarity. 


5. The same measuring apparatus is used repeatedly. 


PRINCIPLE OF THE SURGE CREST AMMETER 


Two small pieces of magnetic material having 
high retentivity are. placed adjacent to the surge 
current carrying conductor at different distances as 
shown in figure 1. These are called the inner and 
outer magnetic links. When the surge current passes 
through the conductor the links are well within the 
surrounding magnetic field and are acted upon by a 
magnetizing force proportional to the current magni- 
tude and inversely proportional to the distance from 
the conductor. The retained magnetization depends 
upon the magnetic properties of the link and the 
wave shape of the surge. However, it has been 
shown previously'® that with a properly constructed 
magnetic link the retained magnetization using direct 
current is equal to that obtained with a !/, x 5 
microsecond wave of the same crest amplitude. 
Time is therefore not a factor for surges slower than 
a 1/, x 6 microsecond wave. 

The magnetization of the links, of course, may be 
measured by a ballistic galvanometer, but this 
method is applicable to laboratory work only. 
Consequently, a simple compact portable instru- 
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ment was designed for general field and laboratory 
measurements. *® 


LABORATORY CURRENT CALIBRATIONS 


In making the surge crest ammeter available for 
general use, a series of interesting and important 
laboratory calibrations were made. A surge current 
generator? was used as a source from which surges of 
various wave shapes were obtained. 

A symmetrically constructed discharge circuit as 
shown in figure 2 was arranged. The use of such a 
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Fig. 2 (right). 
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brating magnetic 
links 


circuit with the links mounted on the central vertical 
member eliminated the necessity for any corrections 
of link magnetization due to currents in the bus 
structure. 

The surges used varied from impulses of uni- 
directional polarity through a series of damped 
oscillations ranging up to 50 per cent oscillation. 
The per cent oscillation is the ratio of amplitude 
of the second half cycle to that of the first balf cycle 
expressed as a percentage. Wave shapes were re- 
corded and amplitudes measured by cathode ray 
oscillograph. Sample oscillograms are reproduced 
in figure 38. For each wave shape, current ampli- 
tudes were varied over a wide range. Several 
magnetic links each placed at a different distance 
from the current carrying conductor were exposed 
to each wave shape and current amplitude, and there- 
after measured on the surge crest ammeter, 
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A specimen of test results using the waves of figure 
3 at various current amplitudes is shown in figure 
4. These data pertain to link positions such as 
shown in figure 1, wherein the inner link is 2.6 inches | 
and the outer link 8.6 inches from the center of 
current. The ratio 8.6/2.6 is called the ‘distance 
ratio.” In the upper curves, which show surge 
crest ammeter readings plotted against crest mag- 
netizing currents, those for both inner and outer 
links for unidirectional surges are straight lines, 
showing direct proportionality between magnetizing 
current and surge crest ammeter readings for such 
surges. Readings for the outer link of course are 
less than those for the inner link, the ratio between 
the 2 being numerically equal to the distance ratio. 

For oscillatory surges the curves for both inner 
and outer links have downward curvatures. Exami- 
nation of figure 4 will show that this downward 
curvature is decidedly more pronounced for the 
inner link, which is in a more intense magnetic field. 
Curves for the outer link do not show downward curva- 
ture of appreciable degree over the range of currents 
on the abscissas until a surge of 20.2 per cent oscilla- 
tion is used. For oscillatory surges, therefore, the 
ratios of readings for the inner link to corresponding 
readings for the outer link are less than the distance 
ratio and decrease as the percentage oscillation and 
current amplitudes increase. The ratios are plotted 
on the middle part of figure 4. Combining these 
ratio curves with the inner link curves gives a con- 
venient surge measurement chart. This is done by 
locating and connecting points of equal ratio on the 
inner link curves. The inner link curves of the 
upper part of figure 4 are reproduced in the lower 
part. Points of equal ratio for each percentage 


oscillation are located as illustrated by the dotted 


lines for the 2.4 ratio. For other ratios similar points 
are located and lines drawn. 


Unidirectional surge 


8.34 per cent oscillation 


20.2 per cent oscillation 
7 i 

31 per cent oscillation a \ 
a | 

50 per cent oscillation ' es a ; 


Fig. 3. Cathode ray oscillograms of surges used for 
calibrating magnetic links 
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A complete calibration chart built up exactly as 
"just described is shown in figure 5, which is described 
later under the heading ‘‘Use of Calibration Charts:7 


EXPERIMENTAL STUDY OF MAGNETIC LINKS 
UNDER VARIOUS SURGE CONDITIONS 


The magnetic-retentivity phenomenon upon which 
the method of measuring surge currents by means of 
the surge crest ammeter depends are demonstrated 
clearly by a few very simple laboratory experiments. 
One such experiment will be described. Eight 
magnetic links were mounted as shown at the lower 
left of figure 6 at 8 different distances from the 
current carrying conductor. Six unidirectional 
current surges with amplitudes as illustrated im- 
mediately above the bracket were used in the experi- 
ment. These surges were passed through the angle 
iron conductor in various combinations and surge 
crest ammeter readings taken after each combina- 
tion, as follows: 


1. Surge A applied and all links measured. Results are plotted 
at the top left immediately above the wave illustration. Surge 
crest.ammeter readings are related to distance to current center, 
for each link. The familiar hyperbolic law of inverse proportionality 
of magnetizing force to distance is illustrated. A surge crest am- 
meter reading of 100 is obtained with a fully magnetized link. Surge 
A therefore gave the innermost link practically the maximum residual 
density it would retain. All other links obtained lower degrees of 
magnetization. The surge crest ammeter reading for each link was 
plotted also on the ordinate axis of the graph at the right of figure 6. 


2. Surge A applied and immediately followed by surge F; then 
surge crest ammeter readings of all 8 links taken. Surges A and F 
were equal in amplitude, but opposite in polarity. These readings 
are plotted on the right hand graph of figure 6 above AF. All links 
were left with a magnetization practically equal to that obtained 
by surge A alone, but opposite in polarity. 


38. Surge A applied and immediately followed by surge EZ, which 
had an amplitude of 80 per cent of the amplitude of surge A and was 
opposite in polarity; then surge crest ammeter readings of all 8 
links were taken. These readings are plotted above AE on the right 
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Fig. 4. Specimen calibration of a 2-link arrangement 
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Fig. 5. Calibration chart drawn as illustrated in 


figure 4 for 4 inch angle iron with magnetic links at 
1 and 7 inches from vertex of angle 

Curves show surge crest ammeter readings for inner link for 
various percentages of oscillation as indicated 

Straight lines are lines of equal ratio between readings for 


inner link and corresponding readings for outer link, for 
various ratios as indicated 


hand graph at the 80 per cent amplitude value on the abscissa. 


4, 5, 6. Surge combinations AD, AC, and AB applied just as in 
combination 3. Surges D, C, and B had amplitudes of 60, 40, and 
20 per cent of the amplitude of surge A, respectively, but were op- 
posite in polarity. Similar points were plotted on the graph for each. 


Study of the smooth lines drawn for each link 
position shows very clearly that the links in the 
outer positions away from the conductor and 
operating in a weaker magnetic field require a second 
surge of opposite polarity of higher percentage of the 
first surge for the same per cent demagnetization. 
For instance, the link in the extreme outer position 
required a reversed polarity surge of 67 per cent 
amplitude to reduce its residual magnetization 
resulting from surge A to zero, while the innermost 
link required a reversed polarity surge of only 33 
per cent for the same result. These relations are 
cumulative for complete oscillations of several half 
cycles and are responsible for the variable inner 
link-outer link ratios illustrated in figure 4. 

If an oscillatory surge passes through the conductor 
the relation of magnetizing forces to link magnetiza- 
tion are as illustrated in figures 7 and 8. These are 
illustrations of hysteresis loops under oscillatory 
surge conditions. A magnetizing force H, when 
reduced to zero leaves the inner and outer links 
with residual flux densities of 6, and b,, respectively, 
at the end of the first half cycle. The second half 
cycle H,,’ leaves the 2 links at B,’ and b,’. Sucha 
cycle follows for each half cycle of the wave. The 
loops for the inner and outer links finally center 
about particular points on the ordinate axis which 
are the resultant residual magnetization points after 
the surge has passed. In figure 7 amplitude and per 
cent oscillation were just right to leave both links 
with the same residual magnetization. This gives 
an inner link-outer link ratio of 1. In figure 8 the 
inner link was left with a reversed polarity magne- 
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DISTANCE MAGNETIC LINKS _ 
TO CURRENT CENTER, IN. 


AVMABS PAGE. VAD" AEST VAR 
Fig. 6. Results of impulse tests on magnetic links 
Lower left. Impulses applied, and sketch showing arrange- 


ment of the 8 links. Inner link 2.6 inches from center of 
current; distance between links 1 inch 


Upper left. Surge crest ammeter readings for the 8 links 
after application of surge A 
Right. Surge crest ammeter readings for the 8 links after 


application of various impulses as explained in text 


tization while the outer link still retained the polarity 
of the first half cycle. This gives a negative inner 
link-outer link ratio. 


USE OF CALIBRATION CHARTS 


Keeping in mind the magnetic phenomenon illus- 
trated, it is apparent that the resulting magnetiza- 
tions for any link at any distance from a conductor 
will depend upon 3 factors: (1) the current ampli- 
tude, (2) the per cent oscillation, and (3) the distance 
from link to current center. For each link of the 
standard 2-link installation these 3 factors also deter- 
mine the residual magnetization, but their relative 
influence on the 2 links is different as has been shown. 

The third of these factors always is known, being 
deliberately chosen to permit readings over the range 
of currents to be measured. Provided the surge has 
a constant per cent oscillation, the current amplitude 
and the per cent oscillation may readily be read 
from the calibration chart of figure 5 in accordance 
with the following example: Assume an inner link 
reading of 36 and an outer link reading of 15; the 
ratio is 2.4. Reading at 36 on the surge crest am- 
meter ordinate scale across horizontally to the 
sloping ratio line marked 2.4 gives the reference 
point. Reading directly below on the abscissa scale 
gives a crest current of 9,000 amperes. Interpola- 
tion between the curved per cent oscillation lines 
gives an oscillation of 22 per cent. The second half 
cycle therefore has a crest value 22 per cent of 9,000 
or 1,980 amperes. Each succeeding half cycle is 22 
per cent of the preceding one. 


FIELD RECORDS 
Use has been found for this direct method of 


measuring crest values of surge currents in the 
factory, field (see reference 16, Part IV), and lahora- 
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tory. A total of approximately 10,000 magnetic 
links, constituting 5,000 measuring stations were in 
operation during 1934. The greatest number of 
records have been obtained on transmission line 
structures under lightning current conditions. Meas- 
urements have been obtained of lightning currents 
in tower legs, tower top lightning rods, counterpoise 
cables, and tower arms. Specimen records from each 
of these are given in table I. 

The value of such records is revealed in the 
samples given. The single-leg currents in adjacent 
towers at the top of the table show lightning currents 
flowing through 5 adjacent towers. The currents 
in the legs are shown to be oscillatory with a second 
half cycle averaging about 27 per cent of the first. 

The 4-leg readings next below show a current of 
30,000 amperes dividing into 7,000 amperes per leg 
quite evenly. Below this set of readings is given a 
4-leg reading for a case in which 2 of the legs were 
connected to parallel counterpoise grounding cables. 
The counterpoise legs carried 12,000 amperes against 
7,000 for the free legs. 

Samples of direct counterpoise cable readings for 
both radial and parallel counterpoise cables are given 
in the center of the table. For the radial counterpoise 
it may be noted that the 150 foot cable carried more 
than twice the current of the 40 foot cable. For the 
parallel counterpoise, with measuring stations lo- 
cated along the cable, measurements of currents at 
different distances from the towers give information 
on the effectiveness of the counterpoise in reducing 
tower potentials. The tower arm measurements — 
give information pertaining to insulator flashover 
and, when coupled with readings in other parts of the 


Table I—Records of Some Typical Measurements Made in. 
the Field With the Surge Crest Ammeter 
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structure, show whether the conductor or tower 
structure was struck. 

The lightning rod measurements at the bottom of 
the table I were not obtained by the method that 
permits per cent oscillation to be determined, and 
therefore may be in error if the stroke current in the 
rod was oscillatory. 


ACCURACY 


The accuracy of a current measurement by the 
surge crest ammeter-magnetic link method depends 
upon 3 things as follows: 

1. The magnetic link. How much does the magnetizing force- 


retentivity curve for the particular links used in the measurement 


depart from the average curve on which the calibration curves were 
based? 


2. The surge crest ammeter. How much do the scale readings of the 
particular surge crest ammeter used depart from the true magnetizing 
force-scale deflection relation arbitrarily chosen to make scale read- 
ing proportional to magnetizing current? 


3. The magnetic link field installation. How greatly do the di- 
mensions such as link distances depart from those distances on which 
calibrations used were based? 


When these 3 questions are answered the degree 
of accuracy of measurement is known. The di- 
mensional characteristics of the field installation 
referred to in question 3 are believed not to introduce 
inaccuracies greater than 3 per cent except where 
links are located inside 2 inches from a conductor. 
Discrepancies in distance may be eliminated readily 
by the use of bracket arrangements giving precise 
spacings. 

The maximum tolerance for the surge crest am- 
meter deflection at calibration referred to in question 
2 is 3 scale divisions between 10 and 80 and 5 scale 
divisions between 80 and 100. Two links always are 
measured for every standard reading. This gives a2 
point reading, usually a midscale and an end-of-scale 
reading both of which influence the final accuracy. 

The principal factor governing accuracy is referred 
to in question 1—-variations in the magnetic link. 
Magnetizing force-retentivity curves are not the 


Surge applied Cil- 
lustrated above): os- 
cillation 25 per cent; 
first crest 85 per 
cent (100 per cent 
crest gives surge 
crest ammeter read- 
ing of 100 for inner 
link if only first half 
cycle of surge is 
applied); ratio of 
reading for inner 
link to reading for 
outer link = 1 


MAGNETIZING FORCE 
Fig. 7. Magnetization loops for inner and outer links 
for an oscillatory surge 
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same for all magnetic links. Considerable progress 
has been made in controlling this characteristic, and 
by selection links can be obtained having the same 
curves. 

For general field work, particularly in lightning 
measurements where hundreds of stations are used, 
it is agreed that efforts to measure to accuracies 
better than 10 per cent are of questionable value. 
Magnetic links therefore are selected by test to 
achieve over-all results within this range, and present 
control of the steel characteristic makes this possible 
without serious loss. 

If greater accuracies are required, continued link 
selection will permit an improvement of the accuracy 
down to that of the surge crest ammeter. If still 
greater accuracies are required, a precision ballistic 
galvanometer may be used to measure links. Work- 
ing accuracies in the order of 1 per cent are possible 
through the use of precise links and measuring 
methods. 


Fig. 8. Magnetiza- 
tion loops for inner 
and outer links for an 

oscillatory surge 
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Armature Leakage 


of Synchronous Machines 


An extension of the Potier method of test- 
ing for armature leakage reactance of syn- 
chronous machines is presented in. this 
paper, wherein it is shown that the easily 
tested for Potier reactance varies consider- 
ably and therefore has a limited field of 
usefulness. It is further shown that if the 
Potier reactance is measured at high values 
of field current, the armature leakage re- 
actance is closely approximated and a 
more valuable test results. 


By 

L. A. MARCH 
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A, accurate knowledge of the arma- 
ture leakage reactance of synchronous machines is 
essential to the designer who must calculate the flux 
densities in the various magnetic paths of a syn- 
chronous machine. It is also of interest to the 
operating engineer who must determine the operating 
characteristics, such as the short-circuit currents and 
the increasingly important steady-state stability 
limits,® which are appreciably affected by synchro- 
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nous machine saturation. To meet the need of the 


Reactanceli<paesigners, P. L. Alger? presented in 1928 formulas for 


armature leakage reactance. In 1931, L. A. Kilgore* 
proposed other formulas. These formulas provided 
a rational method by which the leakage reactance 
could be calculated. No matter how important a 
knowledge of this leakage reactance is for the proper 
determination of machine characteristics, this re- 
actance could not be fully utilized generally as long 
as there existed only a method of calculating it from 
design data and there did not exist a practical method 
of testing for it. As a result, the easily tested for 
Potier reactance!’> at normal voltage has been used 
generally instead of leakage reactance to calculate 
the performance of machines, notwithstanding the 
fact that Potier reactance at normal voltage may 
differ considerably from the armature leakage react- 
ance as defined by Alger and Kilgore. 

The purposes of this paper are: first, to show that 
Potier reactance varies considerably with magnetic 
loading and consequently when measured by the 
standardized method® at normal voltage has a very 
limited field of usefulness; and second, to show that, 
if Potier reactance is measured at high values of field 
current, it gives a value which closely corresponds to 
armature leakage reactance and thus offers a more 
accurate method of obtaining a test value of this 
important reactance. 


THEORETICAL ANALYSIS 


In the following analysis the characteristics of a 
synchronous machine at no load and at rated current 
zero power factor will be used to determine the leak- 
age reactance. The armature leakage reactance is 
defined as the reactance due to the difference be- 
tween the total flux (effective in producing funda- 
mental terminal voltage) produced by the armature 
current acting alone and the space fundamental of the 
flux in the air gap produced by the same armature 
current.** Neglecting the armature resistance volt- 
age drop, only direct axis quantities therefore need be 
considered. This accordingly assumes that the 
leakage reactance of a machine is determined by the 
direct axis leakage fluxes, while actually there is 
some difference, though generally small, in the 
amount of armature leakage flux (due chiefly to a 
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change in the tooth tip leakage flux) depending upon 
whether the armature magnetomotive force is acting 
along the direct or quadrature axis. 

Nomenclature. The nomenclature used in this 
paper is as follows. All quantities are expressed in 
per unit (instead of per cent) of the machine normal 
kilovoltampere and voltage base and correspond 
wherever possible with established nomenclature. 


éa = voltage corresponding to direct axis field magnetomotive 
force 

€ = voltage corresponding to the air gap flux (behind leakage 
reactance) 

2p voltage behind Potier reactance 


terminal voltage 


= 
Wout 


t armature current 
= iron magnetomotive force 
air gap magnetomotive force 
%q = direct axis synchronous reactance 
Naa = Xq — X%, = direct axis armature reaction reactance 
x, = leakage reactance 
Xp = Potier reactance 


Assumptions. Following are the assumptions 
which have been made for the theoretical analysis of 
this problem. 


1. The armature reaction magnetomotive force is proportional to 
a reactive voltage drop equal to (xg — x;)ig. 


2. The difference between the armature reaction magnetomotive 
force at zero power factor and the magnetomotive force due to the 
field current is a magnetomotive force which is proportional to k 


times the voltage behind the leakage reactance drop. Where, 
amt. iron magnetomotive force 

e air gap magnetomotive force 
3. Armature leakage reactance is independent of saturation. This 
assumption is generally justifiable as an appreciable part of all of 
the armature leakage flux paths are in air. 


In accordance with the above assumptions the 
following expression can be written for the field 
magnetomotive force at zero power factor. 


= (e a 1xi)k + (xa = x1)t (1) 


Figure 1 presents a no-load saturation curve a and 
a zero power factor normal current saturation curve 
b for a synchronous machine. The curve c¢ repre- 
sents a load saturation curve constructed from curve 
b and a triangle having synchronous reactance x,, as 
its base and the leakage reactance x, as its altitude, 
with one side parallel to the air gap line. This 
triangle corresponds exactly with the well-known 
Potier triangle except that leakage reactance is used 
instead of Potier reactance. This triangle expresses 
equation 1 graphically. Hereinafter, this triangle 
will be called the leakage reactance triangle. The 
load saturation curve c has, therefore, iron plus air 
gap magnetomotive force as abscissa and a voltage 
corresponding to the fundamental air gap flux e, as 
ordinate. 

The load saturation curve c has the same or greater 


Fig. 1. Calculated saturation char- 
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magnetomotive force than the no load saturation 
curve a for the same air gap voltage, as the iron 
magnetomotive force necessary to obtain the same 
fundamental air gap flux is greater with increased 
armature reaction and field current. That is, the 
saturation factor k is not only a function of the air 
gap flux e, but also of the total field current é,. 

This difference between the load saturation curve 
as constructed by the leakage reactance triangle and 
the no-load saturation curve can be attributed 
mainly to 2 effects: (1) increased rotor saturation 
due to the increase in field leakage flux with increase 
in armature reaction for the same useful air gap flux; 
and (2) any change in the air gap flux wave form due 
to armature reaction which changes the final required 
magnetomotive force. 

As the field current increases, on open circuit, the 
voltage rises more and more slowly (curve a) until at 
very high field currents the voltage becomes nearly 
constant, the flux being limited by saturation. If 
now full load zero power factor armature current is 
maintained while the field current is again increased 
(curve c), the additional field leakage due to the 
increment in field magnetomotive force equal to a 
magnetomotive force 1, x,, is at first important, 
causing curve ¢ to dip well below curve a. 

However, under saturated conditions as the field 
current is increased the additional field leakage flux, 
caused by the addition of a field magnetomotive 
force equal to x,, 7,, becomes increasingly, (1) less 
in magnitude, as well as, (2) a smaller proportion of 
the total flux. Hence, the 2 curves approach each 
other vertically, although they become displaced 
horizontally. Since Potier reactance is measured by 
the altitude of the Potier triangle, it follows that 
Potier reactance can be expected to decrease with 
high values of field current and approach as a limit 
(if leakage reactance itself is not affected by satura- 
tion) armature leakage reactance as defined by 
Alger and Kilgore. 
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Fig. 3. Test saturation characteristics for a small high 
speed salient pole water wheel driven generator 


Figures 1 and 2 represent 2 extreme cases which, 
although for fictitious machines (calculated curves), 
illustrate the difference in shape of the Potier react- 
ance versus terminal voltage characteristics which 
may be obtained. Figure 1 is for a machine which 
has very little pole body saturation at normal field 
currents while Figure 2 is for a machine which has an 
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appreciable amount of pole body saturation even at 
low values of field current. 

In the case of figure 1, Potier reactance actually 
increases slightly after having decreased almost to 
leakage reactance. Also for the case of figure 1, 
Potier reactance approaches very closely to leakage 
reactance at a terminal voltage not much greater than 
normal (e, = 1.0). It is evident from figure 1 that 
Potier reactance x, should be measured well above 
the knee of the saturation curve, even when the load 
saturation is small. 

Although both cases represent limiting conditions, 
they illustrate the tendency for Potier reactance to 
approach leakage reactance at the high values of 
saturation. If armature leakage reactance itself is 
reduced by saturation, Potier reactance will tend to 
approach a value less than the value of armature 
leakage reactance as calculated by the formulas of 
Alger and Kilgore. The value which it approaches 
under these conditions may be considered a saturated 
value of leakage reactance. However, based upon 
calculations, it is not expected that the ratio of the 
saturated value of leakage reactance to the un- 
saturated value will vary appreciably from unity 
except at extremely high values of saturation. 


TEST RESULTS 


Tests were made on 4 salient pole machines and on 
1 cylindrical rotor machine to determine the variation 
in Potier reactance with change in magnetic loading. 
The results of these tests are shown on figures 3 to 7, 
and are tabulated in table I. 


Table I—Results of Tests on 5 Machines 
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* Machine types are as follows: 

Fig. 3. Small high speed salient pole water wheel driven generator. 
Fig. 4. Large slow speed salient pole water wheel driven generator. 
Fig.5. Large 25 cycle salient pole water wheel driven generator. 

Fig. 6. Small high speed salient pole synchronous motor. 

Fig. 7. Small 2 pole cylindrical rotor steam turbine driven generator. 


The test results show the variation in Potier react- 
ance with increase in field current. All these tests 
bear out the theoretical conclusion for the case of 
salient pole machines that Potier reactance ap- 
proaches, as a limit at high values of saturation, leak- 
age reactance. For the cylindrical rotor machine 
Potier reactance is practically constant. This is the 
result to be expected as a cylindrical rotor machine 
has a comparatively small amount of field leakage 
flux and distortion of the flux wave shape. The test 
values of Potier reactance for this cylindrical rotor 
case lie between the values obtained by Alger’s and 
Kilgore’s formulas. Neither Alger’s nor Kilgore’s 
formula takes into account the change in end leakage 
flux due to a change in the relative position of the 
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Fig. 4. Test saturation characteristics for a large slow 
speed salient pole water wheel driven generator 
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Fig. 6. Test saturation characteristics for a small high 
speed salient pole synchronous motor 


retaining ring and core. This relative position has 
been shown by tests to have considerable influence 
on the end leakage flux. Since in 2 pole turbine 
generators the end leakage reactance is relatively 
high compared to the total leakage reactance, it is 
not surprising that 2 formulas with arbitrary as- 


-sumptions regarding end leakage should give such 


different results. 


SUMMARY 


The following conclusions can be drawn from the 
above analysis and tests: 


1. Potier reactance measured at normal voltage is not a true indica- 
tion of leakage reactance and may be over. 100 per cent too large. 
Potier reactance measured below normal voltage may be several 
times the leakage reactance. ; 


2. Since Potier reactance more nearly approaches leakage reactance 
at high values of field current than at the normal voltage point, it is 
recommended that leakage reactance be measured by the Potier 
method at as high a value of field current as practical. 


3. Because of the comparatively small amount of field leakage flux 
and distortion of the flux wave shape with increased armature re- 
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Fig. 5. Test saturation characteristics for a large 25 
cycle salient pole water wheel driven generator 
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action of cylindrical rotor machines which have a few number of 
poles, the Potier reactance of cylindrical rotor machines does not 
vary as much as that of salient pole machines of normal design. 


4, Armature leakage reactance, for normal armature current, ap- 
pears to be sensibly independent of saturation even for stator tooth 
densities well above practical operating values. This is evident 
since, with the exception of the cylindrical rotor machine, in no case 
does Potier reactance x, drop below the calculated value of leakage 
reactance *;. 


REFERENCES 


1. Sur La Réaction D’InNpuiIt Des ALTERNATEURS, A. Potier. Revue D’- 


Electricite, v. 24, 1900, p. 133-41. 


2. REACTANCE OF SYNCHRONOUS MacHINES AND ITs APPLICATIONS, R. E. 
Doherty and O. E. Shirley. A.I.E.E. Trans., v. 37, part 2, 1918, p. 1224. 


3. THE CALCULATION OF THE ARMATURE REACTANCE OF SYNCHRONOUS Ma- 
CHINES, P. L. Alger. A.I.E.E. TRans., v. 47, Apr. 1928, p. 493-512. 


4, CALCULATION OF SYNCHRONOUS MacHiINe Constants, L. A. Kilgore. 
A.LE.E. Trans., v. 50, Dec. 1931, p. 1201-13. 


5. PRELIMINARY REPORT ON A PROPOSED Test CopE FOR SYNCHRONOUS 
MaAcuHINES, prepared under the auspices of A.I.E.E. committee on electrical 
machinery. Jan. 1933, p. 18, article 119. 


6. EQUIVALENT REACTANCE OF SYNCHRONOUS Macuings, S. B. Crary, L. P. 
Shildneck, and L. A. March. Exec. Enoe. (A.I.E.E. Trans.), v. 53, Jan. 1934, p. 
124-32. 


381 


Cable Sheath Corrosion 
—Causes and Mitigation 


The causes and mitigation of telephone 
cable sheath corrosion are dealt with in this 
paper, which describes particularly a 
method of applying a counter potential to 
the cable sheath for the mitigation of cor- 
rosion from localized currents. This 
method, although not new, has had but 
limited application. It may find extensive 
future use for controlling corrosion on 
intercity toll cables, and in localities 
where street railways have been aban- 
doned. In addition to a unique applica- 
tion of this method, there is also de- 
scribed the method of correcting by cur- 
rent drainage a particularly bad case of 
corrosion from stray current. 


By 
J. B. BLOMBERG 


ASSOCIATE A.1.E.E. 


NORVEL DOUGLAS Southwestern Bell Tel. Co. 


MEMBERSHIP APPLICATION PENDING Kansas City, Mo. 


Southwestern Bell Tel. Co. 
St. Louis, Mo. 


1 E usual corrosion problem on tele- 
phone cables is the control of stray earth current 
from electric railways. The solution of this prob- 
lem may be accomplished by limiting the stray cur- 
rent picked up and by providing drainage by means 
of metallic conductors from the cable to suitable 
points of lower potential. This quite frequently re- 
quires the codperation of several utilities operating 
underground plants. Stray current from electric 
railways, if controlled, serves to protect the cable 
plant from corrosion. In the absence of stray cur- 
rent, localized current corrosion may become a seri- 
ous problem. In this case the corrosion may be 
greatly reduced by a convenient and economical 
method of applying counter potentials. 


CAUSES OF CORROSION ~ 


Corrosion of lead cable sheath, and also corrosion 
of other metals, may be considered as an electro- 
chemical process in which metals tend to go into solu- 
tion at anodic points or areas. These anodic areas 
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may result from stray direct current from electric 
railways or, infrequently, from other multigrounded 
direct current systems, such as the Edison 3 wire 
system. They also may result from localized cur- 
rents which cause some portions of the sheath to be 
more electropositive with respect to the ground water 
electrolyte than other portions of the sheath or 
other metal in electrical contact with the sheath. 
In discussing briefly the various causes of corrosion 
on underground cables, stray earth currents will 
first be considered. The return current from a 
grounded electric railway system divides between 
the rails and earth. In a typical case, it leaves the 
rail at outlying points and returns to the rail or bus 
near the point of supply, traveling between these 
points through the ground and intervening metallic 
subsurface structures, including telephone cable 
sheaths. The factors controlling the amount and 
distribution of stray current are rail potential drop, 
rail insulation to earth, and earth conductivity. The 
last factor is influenced by the distribution and re- 
sistance of metallic subsurface structures. The 
sheath to earth potentials are negative in areas 
where the stray current is picked up, and are posi- 
tive where the stray current is discharged to earth. 
Corrosion occurs where the sheath is positive with 
respect to earth and the rate of corrosion is deter- 
mined by the amount of current per unit area dis- 
charged into the earth. 

Chemical corrosion from a soil depends primarily 
upon the presence of certain dissolved materials in 
the ground water electrolyte. Corrosion from acetic 
acid deserves special mention as the process is regen- 
erative and is similar to that used in the manufac- 
ture of commercial white lead, in which the acetic 
acid is released repeatedly to attack the lead anew. 
Thus small quantities of acetic acid may become a 
serious hazard. Free lime may be deposited on the 
sheath by water seeping through concrete used in the 
construction of manholes and duct lines. Lime 
water, which is somewhat corrosive to lead and some- 
times results in considerable damage, may be pres- 
ent in a duct as a result of water seepage through 
new concrete used in the construction of manholes 
and duct lines. Under a comparatively rare com- 
bination of circumstances, corrosion may be caused 
by the presence in the soil of certain alkalies which 
may be deposited on the cable in locations where the 
potential to earth is highly negative. Lead may be 
corroded by the presence of water with dissolved 
carbon dioxide and oxygen. 

Galvanic potentials causing corrosion may be set 
up between a metal and an electrolyte whenever the 
metal is immersed in the electrolyte. This potential 
varies with different metals and alloys and also with 
the character and concentration of the electrolyte. 
If 2 dissimilar metals in an electrolyte are electri- 
cally connected the resulting current flow will cause 
corrosion of the anode. If the ground water is alka- 
line, the lead cable may corrode as a result of the 
galvanic couple set up by contact with iron hangers, 
ladders, or loading coil cases. If the concept of 
galvanic potentials from contact of 2 dissimilar 
metals immersed in an electrolyte is extended to in- 
clude potentials from variations in composition® or 
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condition of the sheath, then this condition is known 

as local action. Lead under mechanical strain, 
which may be caused by a scratch or dent in the 
sheath, may become anodic to the lead not under 
strain, with resultant corrosion of the anodic area. 
Corrosion also may be produced by variations in 
sheath compositions over minutely small areas. 

Anodic conditions also may be set up by differ- 
ences in dissolved oxygen content of the electrolyte. 
Portions of the sheath more or less shielded from the 
dissolved oxygen by contact with clay particles or 
other shielded portions, such as at the bottom of 
corroded pits, may become anodic with respect to 
other portions of the sheath, with resultant corro- 
sion. 

If different portions of the sheath are in contact 
with electrolytes which differ in character or con- 
centration, a ‘‘concentration cell’’ will be formed 
with resultant corrosion in the anodic area. The 
“concentration cell’? may exist over comparatively 
small distances, or, as in long cables or pipe lines,! 
the anodic and cathodic areas may be separated by 
several hundred feet. 

It may be noted that the above causes of corrosion 
on lead sheath tend to localize the corrosion in small 
anodic areas and produce the phenomenon known as 
pitting. The metal at the bottom of the pit be- 
comes more anodic to nearby areas by being shielded 
from oxygen and causes the corrosion to proceed 
more rapidly, at least for a period of time. 


INDICATIONS OF CORROSION DAMAGE 


There are no reliable methods which can be used 
universally to determine quantitatively the presence 
of corrosion damage on underground cables, except 
by actual inspection. This is, of course, impractical 
except for special tests, and therefore other means 
which give qualitative results are used. The usual 
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electrolysis survey consists in making either indicat- 
ing or 24 hour recording tests of the potential be- 
tween the sheath and a lead electrode placed in the 
ground. Positive potentials generally are considered 
as indicative of the presence of conditions which may 
cause corrosion. Potential measurements are of 
considerable advantage in most cases of stray cur- 
rent electrolysis as the sheath to earth potentials 
usually are more than 0.1 volt. Where the potentials 
are less than this amount, particularly in the ab- 
sence of nearby street railway systems, potential 


1. For all numbered references see list at end of paper. 
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measurements may have practically no significance 
because the lead testing electrode has its own single 
potential, which is included in the measurement. 
In addition to potential tests, the usual electrolysis: 
survey includes measurements of current flow along 
the cable sheath. This is particularly useful in the 
study of mitigation measures for stray earth cur- 
rents. Over-all potential drop measurements are 
also of considerable value. 

In the absence of stray direct currents, localized 
current on the cable sheath usually is too small to 
measure without special methods, and may be of 
little value even if known. Measurements of the 
current discharged into the earth and earth resis- 
tivity tests, made by means of an earth current in- 
strument? are of value in special tests. However, 
this instrument seldom is used because of practical 
difficulties in its application on telephone plant. 

Other indications of corrosion include the visual 
inspections of cables in manholes or cables with- 
drawn from the ducts for various reasons, or periodi- 
cal examinations of short sections of cable inserted 
into the ducts as pilots. 


MITIGATION OF CORROSION 


The electrochemical theory of corrosion now is ac- 
cepted generally as the one which best explains the 
multitude of facts concerning corrosion. ‘This theory 
proposes that all corrosion is accompanied by a 
transfer of electricity between anodic and cathodic 
areas. ‘This entails that there be an electrolyte and. 
an electric potential to maintain the reaction. In 
the absence of any external influence, this potential 
is supplied entirely by the algebraic sum of the solu- 
tion potentials of the anodic and cathodic areas, 
which net potential adjusted for the effects of polari- 
zation tends to drive the metal into solution. The 
solution potential of lead depends upon the character 


Two queds number 19 and one quad number 22 gauge conductors in the cable connected so that their respective resistances 
adjust the current to the value required at each point of application; 0.5 ampere applied at intermediate repeater stations 
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and concentration of the electrolyte. The rapidity 
and amount of corrosion depends, in addition to the 
solution potentials, upon numerous important secon- 
dary factors. The significant fact is that the solu- 
tion potential, and consequently the rate of corrosion, 
may be either increased or decreased by the applica- 
tion, in the proper direction, of external potentials. 

Thus 2 methods are available for the reduction of 
corrosion on underground cable. One is to maintain 
the cable free from moisture and contact with the 
ground water; the other is to maintain the cable 
slightly negative to the ground water with which it 
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is in contact. It is doubtful if it would be possible 
to prevent, absolutely, all corrosion under all cir- 
cumstances by making the metal negative to the 
electrolyte. However, it is believed that if the 
underground cable sheath is maintained consistently 
negative to the surrounding earth, corrosion, under 
ordinary conditions, should be so reduced as not to 
shorten appreciably the life of the cable. This 
statement is well borne out by the fact that there is 
practically no evidence of anodic corrosive damage 
on cable plant maintained negative to earth by stray 
current. 

All but a very small percentage of telephone under- 
ground cables are lead-antimony sheath cables in- 
stalled in vitrified clay conduit so that they are pro- 
tected from direct contact with the earth. The con- 
duit system is constructed to drain, as completely 
as possible, water which seeps into the duct. In 
special cases protective coatings of insulating ma- 
terial may be used to provide additional insulation 
to the sheath, and in recent years there have been 
some installations of tape armored and jute covered 
cable buried directly in the earth. From a limited 
amount of experience with these types of cables, it 
appears that corrosion will be somewhat less for 
comparable conditions than for lead sheath cable in 
tile duct. 

The reduction of stray current leakage from elec- 
tric railways is an important detail of mitigative 
measures. If uncontrolled, stray direct current on 
cable systems may cause very serious electrolytic 
corrosion damage, but if properly controlled it be- 
comes possible to maintain the cable system nega- 
tive to earth and reasonably free from corrosion. 
The stray current picked up by the cable systems 
should be reduced to a minimum by avoidance of 
incidental or accidental contacts or close proximity 
of cable sheaths to other metallic structures from 
which current might be collected. 

The stray current usually is drained from the 
cable system by means of a metallic bond to some 
point of lower potential on the railway negative re- 
turn system, but preferably not to the rails. The 
current drained from the system should be the mini- 
mum which will maintain the entire cable system 
negative to earth. If there are other cable or pipe 
systems in the vicinity, care must be taken not to 
cause positive conditions on these plants. The best 
engineering solution in such cases may be a coépera- 
tive drainage scheme. Competitive drainage by 
several utilities usually results in poor economies and 
. ineffective drainage. 

Cable systems which cannot be maintained nega- 
tive to earth by picking up stray current are subject 
to possible corrosion by localized currents. A 
practical and economical method of mitigating corro- 
sion in certain of these cases is to apply a potential 
to the cable system to maintain it slightly negative 
to earth. This method has complications in its use 
in certain parts of cities where there is close proxim- 
ity to the underground plants of other utilities and 
where the number of telephone cables is large. 

The general method of applying counter poten- 
tials to a cable system is to ground the positive side 
of a suitable direct current source and connect the 
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negative side to the cable sheath. The ground 
should have a low resistance at all times, being of 
such size and material as to withstand the resultant 
corrosive effects without appreciable deterioration 
over a reasonable period of time. The direct cur- 
rent source may be the central office battery, in 
which case the potential would be applied to the 
cable sheath using pairs in the cable brought out at 
suitable intervals, or the source may be local batter- 
ies, rectifiers, or generators installed at convenient 
intervals along the cable. Under favorable condi- 
tions the extent of the spread along the cable of the 
counteractive effect of negative current application 
to the sheath is remarkable. As an example, in 
actual practice a current of 0.75 amperes was found 
in a specific case to maintain about 8 miles of cable 
at least 0.1 volt negative to earth, whereas the pre- 
vious potential ranged from 0.01 to 0.20 volt posi- 
tive to earth. 

As has been pointed out elsewhere in this paper, 
cable systems which are not influenced by stray 
direct current may exhibit small positive potentials 
to earth, which does not necessarily mean that cor- 
rosion is taking place. For such cases it has been 
the practice to observe conditions carefully and, if 
there is definite evidence that corrosion is taking 
place, the desirability of applying counter potentials 
is considered. 

Two outstanding corrosion problems and _ their 
solutions will be cited to illustrate the methods de- 
scribed. The first involves the St. Louis-Kansas 
City toll cable on which some corrosion was noted 
in manholes soon after the cable was installed. A 
unique system of counter potentials was placed in 
operation and apparently has succeeded in stopping 
the corrosion. The description of the extensive 
electrolysis mitigation system placed in effect at 
Wichita, Kan., to correct a very bad condition re- 
sulting from stray earth current from the street rail- 
way system is then given. 


St. Louis-KaAnsAs City TOLL CABLE 


This intercity toll cable was installed in 1930. It 
is a lead-antimony sheath cable, 25/; inches in di- 
ameter, and was placed in vitrified clay conduit 
along the shoulder of U.S. highway number 40. 
Manholes are spaced about 750 feet apart and 4 
intermediate repeater stations are spaced approxi- 
mately 50 miles apart. Steel loading coil cases are 
installed in manholes at 6,000 foot intervals. 

Several metallic drainage connections between 
the cable sheath and other points of lower potential 
were made in Kansas City and St. Louis to control 
the stray current from electric railways. This re- 
sulted in making the cable negative to earth for a 
few miles beyond the city limits of both cities. The 
remaining 225 miles of the cable was found to be 
positive to earth in nearly every manhole. The 
potentials ranged from 0.01 to 0.20 volt and were 
virtually constant at any point of test. A few 
scattered manholes tested slightly negative to earth. 
In most manholes the current on the sheath was only 
a few milliamperes, and there was no consistency in 
the direction of current flow. A few currents of 
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Fig. 2. Electrolysis conditions in Boonville-Aull- 
ville section, St. Louis-Kansas City toll cable 


Upper curve positive to earth; lower curve negative to 

earth. Negative conditions result from applying negative 

direct current from repeater offices in amount shown at each 
point 


- magnitudes as high as 100 milliamperes were noted. 


as soon as practicable. 


It appeared desirable to investigate the potential 
from cable to earth in the duct line. By means of a 
duct exploring electrode potentials of the same gen- 
eral magnitude as those noted in the manholes were 
observed. In several sections positive and negative 
conditions alternated every few feet and sometimes 
in less than one foot. 

Several duct electrodes consisting of 6 foot lengths 
of lead-tin cable sleeving were installed in a duct ad- 
jacent to the cable and bonded to the cable by an 
insulated copper wire. The duct electrodes were 
removed for visual inspection 3 months after they 
were installed. “All electrodes showed some evi- 
dence of corrosion. On some pits about !/3. inch 
in depth were found, while in others, particularly in 
drier locations, the corrosion was extremely slight. 
Earth resistivity tests were made near the manholes 
where the duct electrodes were installed and at 
numerous other points, but there seemed to be no 
relation to the potential of sheath to earth. It was 
noted, however, that at the point where the greatest 
damage occurred to the test electrode the lowest 
earth resistance also was shown. The cable was 
uncovered at 2 locations where it was believed cor- 
rosion might be found. From 15 to 20 feet of cable 
was examined and in both cases corrosion was found, 
but always on the bottom of the cable. Some of the 
pits were approximately 1/3 of an inch in depth. 
All manholes were inspected and very little evidence 
of corrosion was found on the cables, but severe 
corrosion was evident on some of the spare lead-tin 
splicing sleeves which had been under water. The 
more severe corrosion on the splicing sleeves than on 
the lead-antimony cable sheath proper probably was 
caused by relatively large galvanic potentials set up 
on the sleeve because of its heterogeneity. 

This toll cable represents a large investment and 
is extremely important from a service standpoint, so 
that in view of the evidence of corrosion along the 
cable it seemed desirable to install remedial measures 
It appeared that to obtain 
complete protection for this cable the most practical 
solution was to apply a system of counter potentials. 
Consideration was given to using low voltage recti- 
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fiers or wet batteries at intervals along the cable 
route, but because of the absence of power lines in 
certain localities, this plan was discarded. In the 
plan finally adopted 130 volt telegraph batteries or 
130 volt motor generators at the repeater stations 
were used to supply current to the cable sheath by 
means of pairs in the cable, as shown in figure 1. 
Four number 22 and 8 number 19 American wire 
gauge conductors were used in such combinations 
that the current to each point was of the order of 
0.5 to 0.9 ampere. Connections were made to the 
cable sheath at 4 points in each direction from each 
intermediate repeater station and at 3 points near 
the Kansas City end. The distance between the 
points of contact varied from 3.12 to 9.08 miles, with 
an average of about 5.5 miles. In addition, about 
0.5 ampere was applied to the cable sheath at each 
intermediate repeater station. In order not to cor- 
rode the regular central office ground at the repeater 
stations by the current used for counter potentials, 
special long-life grounds were installed at most of 
these points. 

The results of this mitigation system have been 
very gratifying. The cable in each manhole from 
St. Louis to Kansas City is now negative to earth. 
The minimum potentials are slightly less than 0.1 
volt and the maximums at points of application of 
the counter potentials range up to 1 volt. The 
system has been in operation for nearly 3 years with 
no evidence of additional corrosion on the cable, and 
all evidence indicates that the old pitting has defi- 
nitely stopped. The potentials of the cable sheath 
to earth for a typical repeater section before and 
after completion of the preventive system are shown 
in figure 2. A representative picture of the pitting 
effects found on some 30 spare lead sleeves previous 
to the application of the counter potentials is given 
in figure 3. 

The total direct current required to maintain the 
225 miles of cable negative to earth is only 24 am- 
peres, which means an average current density of 
about 30 microamperes per square foot of sheath. 
It is understood that this current value is very much 
smaller than is required for other installations of 
forced drainage. 

Approximately 88 per cent of the total length of 
the cable, or 225 miles, is protected by the facilities 
described at an annual cost which is very low for in- 
surance against the effects of corrosion with the in- 
evitable replacement from time to time of sections 
of cable. Such replacements always are costly and 
are accompanied, especially in case of comparatively 
heavy cable fills, by adverse service reactions. 

The outstanding features of this protective method 
are its stability and the very small amount of main- 
tenance required. It is necessary only to check the 
current output occasionally in the connections to 
each point of application, which is done at the re- 
peater stations by the regular attendants. 


WICHITA ELECTROLYSIS MITIGATION SYSTEM 
The corrosion problem on the telephone cable 


plant at Wichita, Kan., has been very serious, dating 
back to the advent of the street railway system more 
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than 30 years ago. The condition became pro- 
gressively worse as the underground plants of the 
various utilities grew. Finally, in 1931, an exten- 
sive mitigation system involving the codperation of 
the Kansas Gas and Electric Company and the 
Western Union Telegraph Company was placed into 
effect. Some of the important features of the prob- 
lem will be reviewed. 

Wichita has a single local exchange located in the 
business district which is about 0.25 square mile in 


Fig. 3. Representative pitting effects found on 
spare lead sleeves previous to the application of the 
mitigative scheme 


area, and underground is a grid of telephone, tele- 
graph, and power cables, and gas, water, and steam 
pipe lines. The drainage of stray current from the 
district was complicated by the fact that the street 
railway’s power was supplied from the electric com- 
pany’s generating plant, which was located nearly 
a mile from the telephone central office. The only 
stray current drainage from the district to the power 
plant was by way of the railway company’s negative 
returns, the water company’s mains, and the electric 
company’s cable system. The problem was the 
more difficult of solution because only 35 per cent of 
the total railway load returned over the negative 
feeders as a result of the inadequacy of this system. 

The telephone cable plant was negative to earth 
in all the outlying districts, but at about 80 manholes 
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which include nearly the entire downtown district, 
conditions of from 0.1 to 0.5 volt positive to earth 
prevailed. Cable failures were rapid in this dis- 
trict, with an average of 7 or 8 per year. The tele- 
graph company’s cable plant also was generally posi- 
tive to earth. The electric company’s cable plant 
was consistently negative to earth from the drainage 
provided by feeder cables from the power plant. 

The nature of the problem indicated that the best 
engineering solution would require codperation of the 
cable-using companies in providing common drain- 
age from the downtown network comprising their 
respective plants. It was evident that competitive 
drainage by all 3 companies would be decidedly un- 
economical and would be almost impossible in pro- 
viding a satisfactory solution. The mitigation sys- _ 
tem which was installed consisted, in general, of 
bonding the 3 cable plants together in 15 locations to 
form a uniform grid, and then increasing the con- 
ductivity from the downtown district to the power 
plant by means of about one mile of 1,000,000 circular 
mil drainage cable. Several shorter drainage wires 
also were used. 

A great deal of stray current on the telephone 
plant was eliminated by isolating the cables at the 
central offices from the station grounds and placing 
insulating splices in all lateral building and block 
cables in the downtown district. 

The electrolysis mitigation program which was 
completed in 1931 has resulted in a great improve- 
ment and a satisfactory condition for all utilities con- 
cerned. The telephone cable system now has about 
15 manholes which are positive to earth. The po- 
tentials are under 0.1 volt and are constant through- 
out the 24 hour period, which indicates that the po- 
tential is caused by local conditions and not by 
stray current. No method has been found for 
eliminating the remaining positive condition without 
damaging other underground plants. 

In view of the great amount of corrosion damage 
done by stray current over a period of many years, 
it was expected that cable failures would continue 
to occur for a number of years after the drainage 
system was installed. The results have been pleas- 
ing in that only 6 failures have occurred in the past 
4 years, compared to the previous average of more 
than 6 per year. Duct electrodes have been in- 
stalled in numerous places and are frequently in- 
spected for any evidence of new corrosion. 

The localized current problem has received con- 
siderable attention in recent years and according to 
present trends will become increasingly important 
with the extension of intercity toll cables and the 
abandonment of street railway systems. While the 
experience with the counter potential system of pre- 
venting corrosion is somewhat limited, the results 
obtained indicate that this will frequently be a very 
satisfactory method. 
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Rolling Mill Motors 


In its introductory part, this paper explains 
why the transient speed changes of d-c 
motors under suddenly applied loads may 
affect the quality of the product rolled on 
a continuous rolling mill. In a later sec- 
tion, the paper analyzes the behavior of 
such motors driving a tandem tube mill, 
and points out the difference between the 
transient and the steady-state speed-load 
characteristics; the former greatly affects 
the product, while the latter, or the con- 
ventional speed regulation, is of only minor 
importance. The paper outlines the course 
to follow in choosing the most suitable 
motors and gives a mathematical study of 
the transient speed-load changes. 


By 
L. A. UMANSKY T. M. LINVILLE 
MEMBER A.1.E.E. MEMBER A.1.E.E. 


Both of the General Electric Co., Schenectady, N. Y. 


1 MODERN TENDENCY in 
rolling mill design and practice is toward tandem 
mills, which consist of several sets of rolls, or stands, 
arranged in line as shown in figure 1. The majority 
of stands are driven by separate motors as this 
greatly simplifies the mechanical layout. For this 
purpose, d-c motors, furnished with power from one 
or several generators, commonly are used. The 
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speed relationship between the several stands is not 
fixed, but should be adjusted from time to time to 
suit the product rolled. By varying the generator 
voltage, the speed of the whole mill may be raised 
or lowered as a unit. The speed relationship be- 
tween the stands may be altered by field control 
of the several motors. 

Figure 1 shows, in elementary form, the layout 
of a typical tandem mill. The metal passes from 
stand to stand. Ordinarily the bar is sufficiently 
long to be in several, or even in all, stands at the 
same time. Hence, the speed of each successive stand 
should be raised in proportion to the reduction of 
the cross-section area so that the product of the 
speed times the area is constant. This expresses 
the obvious fact that the same amount of metal 
passes through each stand in any interval of time. 
Once established, the speed relationship between the 
stands should be maintained accurately because 
otherwise there will be created a tendency to stretch 
or loop the metal between stands. 

If the rolled material is flexible, such as strips 
or the like, a small amount of looping is not objection- 
able. In fact, a loop often is desired, as it gives a 
positive indication that the metal is not being 
stretched. 

When the product is of such a nature that its 


DIRECTION OF ROLLING 


paw DS 


Fig. 1. Modern continuous, or tandem, rolling mill 


with individual drive for each stand 


bending or looping is impossible, the problem of 
proper speed control becomes more involved. There 
is no visible indication as to whether the relative 
speeds are set rightly or not. Presumably the bar 
may be pulled apart or pushed together by the 
adjacent stands, but it is impossible to say, by look- 
ing at the mill, what is the magnitude of force being 
transmitted through the metal from stand to stand. 
The motor loads, indicated by ammeters, serve as 
crude guides. By strengthening the fields of those 
motors that pull the heavier loads, or by weakening 
the fields of motors that are underloaded, the 
operator, in a measure, may hold the mill under 
control. In hot rolling, any excessive pull or 
compression exerted on the bar may ruin the de- 
sired cross section. Hence, the operators of such a 
mill require means of fine control of motor speed; 
vernier field rheostats for each drive become indis- 
pensable, in order to control the loop or load properly. 

If the tube or the bar that is rolled were infinitely 
long, the relative speeds of the several driving 
motors would be adjusted once, and then these 
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speeds would not change. Only such factors as 
uneven heating of motor fields, or change of motor 
loads resulting from variations in metal temperature, 
would require an occasional adjustment of one or 
several vernier rheostats. In metal rolling practice, 
however, particularly in hot rolling, the bars are of 
limited length, since they have to be reheated in 
furnaces in a straight form before going through 
the mill. Thirty foot furnaces constitute a practical 
limit. Consequently, several separate bars go 
through the mill each minute, usually separated by 
intervals when there is no metal in the rolls. Thus 
the motor load changes several times a minute from 
friction load to its maximum value. 

The speed of a d-c motor varies somewhat with 
changes of load. When the load is applied suddenly, 
the motor speed dips down (the “impact speed 
drop’’), then recovers part or whole of this speed 
drop, and finally settles down at some steady state 
value, which may be either higher or (usually) lower 
than the running light speed. 

The load is not applied simultaneously to the 
several motors driving a tandem mill. Hence, the 
periodic change from load to no-load condition up- 
sets the proper speed relationship even if such were 
established with all stands full. The bar or the tube 


full load to no load, to the full load speed. Both 
values are taken under steady state conditions; 
transient phenomena causing the impact speed drop 
are not taken into account in this definition. A 
motor may have a small speed regulation and yet a 
large impact speed drop, and therefore not be as 
suitable for use in tandem mills as another motor 
with a reduced impact speed drop and a larger speed 
regulation. In fact, it will be shown in the following 
analysis that in certain instances a too-close steady- 
state speed regulation does not give the best results. 

In the summer and fall of 1933, the authors were 
called upon to analyze the performance of several 
d-c motors driving a tandem mill producing thin 
walled tubes. This mill will be used as an illustra- 
tion in this paper; the method used, but not neces- 
sarily the conclusions reached, are applicable, of 
course, to any other tandem mill where the problems 
are similar. 


PROBLEM OF TANDEM TUBE MILL 


Typical behavior of motors driving the stands of 
tandem tube rolling mills is represented by the 
curves shown in figure 2. The test shows the dip 
in speed occurring when the tube strikes the rolls. 
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Fig. 2. Actual and calcu- 
lated performance of a 325- 
horse power 815/1,630-rpm 
d-c motor driving one stand 

of a tandem tube mill 
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may be stretched or compressed temporarily be- 
tween adjacent stands before the transient speed 
changes are over and the steady state load conditions 
reéstablished. This may result in permanent dam- 
age to the product rolled. 

It was natural, therefore, for the mill operators to 
call for motors that would not change their speed 
appreciably with changes of load. A very close speed 
regulation has been specified on many occasions. 
This requirement, however, was based upon a mis- 
understanding of this term. The speed regulation 
of a motor, as defined in the Standards of the 
A.I.E.E., is the ratio of change of motor speed from 
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X sin(7t — 0.63) 


If the motor of the preceding stand is running at 
normal speed, the length of tube between the 2 
stands will undergo a compression stress until the 
motor of the second stand has recovered its speed. 
In common vernacular such ‘‘overfeeding”’ spoils 
a length of the tube, equivalent to the distance be- 
tween stands, by causing it to “‘balloon.”’ For this 
reason the percentage of scrap in tube rolling is 
frequently high. 

Actually the length of tube between the 2 stands 
may undergo first a tension or stretching stress, and 
then the compression or “‘ballooning”’ stress. This 
will occur when the motor of the first stand has not 
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yet recovered its normal speed before the tube 
strikes the rolls of the second stand. This is the 
usual situation as the stands are placed as close to- 
gether as possible. The motor of the second stand, 
running at normal speed when the tube strikes the 
rolls, stretches the tube until a balance is reached 
between its falling speed and the recovering speed 
of the first motor, after which the ballooning stress 
It is the latter stress that is especially 
responsible for spoilage. 

The curves shown in figure 2 were taken on a 
motor rated: 325 horse power, 815/1,630 rpm, 375 
volts. The motor was operating at 375 volts, 820 
rpm, running light and taking about 5 per cent of 
full load current. When the load suddenly was in- 
creased to 63 per cent of full load (to about 440 
amperes) the speed dropped from 820 to 790 rpm 
in 0.25 second, and then recovered to approxi- 
mately the original speed in about 1 second. Thus, 
the oscillograph record shows that the tested motor 
had an impact speed drop of approximately 3.7 per 
cent with load changing from 5 to 63 per cent of 
full load. If the load were changed from 5 to 100 
per cent the impact speed drop would be slightly 
greater than 6 per cent. These tests were made on 
an existing mill where operation of the old motors 
was not satisfactory. 

In the following part of the paper, the proper 
characteristics of motors designed to reduce the 
ballooning effect are described. 


GENERAL ANALYSIS 


Figure 3 has been prepared to illustrate the ele- 
mentary case, which is to be discussed. Assume that 
the motor is running light, developing a small 
torque just sufficient to overcome the mill friction 
and its own losses. The counter electromotive 
force of the motor is only slightly less than the im- 
pressed voltage, the difference between the 2 values 
being just enough to circulate the small current 
required to develop the small torque. 

Now assume that at the instant 4% the external 
torque suddenly has been increased. The running 
light current which has been flowing through the 
motor armature does not produce enough torque 
to balance the external torque; therefore, the motor 
will slow down and its counter electromotive force 
will be reduced. Ultimately the difference between 
the line voltage and the motor electromotive force 
will be such that enough current (J,) will circulate 
through the motor to produce a torque to overcome 
the external load torque 7;. The ultimate motor 
speed will change from to m; the ratio of the 
ultimate change of motor speed (s) to 7 is the value 
conventionally defined as the speed regulation. 
However, all these changes do not take place at once, 
but the motor goes through a certain period during 
which several transient phenomena occur. These 
phenomena should be studied most carefully be- 
cause they are the ones that produce the undesirable 
effect on tube rolling processes. 

In this discussion the magnetic flux of the motor 
will be assumed to remain constant during the de- 
scribed period. This is not strictly so, as will be 
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explained further, but the effect of the flux changes 
will be described later and will be fully considered. 
The behavior of the motor after the load has been 
applied suddenly will be analyzed next. 

As has been mentioned already, the motor torque 
at the initial instant is not sufficient to overcome the 
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load torque; therefore, the motor will slow down, 
the rate of deceleration depending in the first place 
on the moment of inertia of the rotating parts. 
It is quite obvious that the larger the moment of 
inertia, the lower will be the rate of deceleration. 
It may be seen from the speed-time curve of figure 3 
that at the instant 4 the motor speed drop has 
reached its maximum. This maximum is the im- 
pact speed drop designated as d. 

As the motor slows down, the difference between 
its counter electromotive force and the impressed 
voltage increases and, therefore, the current flowing 
through its armature also increases. However, 
this current does not rise as rapidly as the difference 
between the 2 voltages increases; this readily is 
explained by the fact that the motor armature 
possesses inductance just as any magnet or solenoid 
does. Therefore, rise of current always lags behind 
the rise of applied voltage that causes this current to 
flow. 

At the instant 4, the drop of motor speed (d) is 
sufficient to cause enough current to flow through the 
motor armature to balance the external torque, 
and therefore the deceleration of the motor ceases; 
however, the motor current still rises because the 
drop of speed (d) is greater than the ultimate drop 
(s) which causes current J, to flow under steady 
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state conditions. The current-time curve in figure 3 
shows, therefore, that the current still rises from the 
instant f; to f. In other words, the motor develops 
during this time interval more torque than the ex- 
ternal load, and this causes the motor to accelerate. 

At the instant f, the motor will reach the speed 
ny, which it will have under steady state conditions. 
However, the: motor still develops more torque 
than the load requires and, therefore, the accelera- 
tion will proceed, bringing the motor speed to a 
value higher than 7 (at the instant fs). 

These phenomena are quite similar to those of a 
conventional pendulum. The motor current and 
speed will oscillate about their ultimate values, this 
oscillation taking place during a very short interval. 
The energy of the oscillation finally is absorbed in 
resistive losses and in other losses, and the motor 
speed and current finally settle down to their steady 
state values. 

It is quite evident from this description that the 
impact speed drop (d) is, generally speaking, larger 
than the conventional or steady state drop (s). 
Consider now what effect various factors, such as 
resistance, reactance, and mechanical inertia, have 
on the value of the impact speed drop. 


EFFECT OF VARIOUS FACTORS ON SPEED DROP 


In order to study the effects of these various 
factors, figure 4 has been prepared. Diagram A of 
this figure is for a motor with arbitrarily selected 
values of resistance Rk, inductance L, and moment of 
inertia of the rotating parts. It is assumed further 
that the magnetic flux of the motor remains constant. 

Resistance £ is the resistance not only of the motor 
armature and its commutating field winding, but 
also includes the resistance of the generator arma- 
ture and its commutating field winding, as well as 
the resistance of the connecting cables, etc. The 
same remark applies to the inductance L, which 
should include the inductances of all parts com- 
prising the complete electric circuit. Furthermore, 
the moment of inertia includes not only the inertia of 
the motor armature, but also the inertia of other 
rotating parts driven by the motor. 

Effect of Resistance. Assume now that the re- 
sistance K of the circuit has been reduced. Diagram 
B& illustrates this case. With a smaller value of 
A, the motor speed drop will be less in order to cause 
the same current to flow through its armature 
windings. Therefore, the ultimate speed drop s 
and the impact speed drop d are reduced. (As long 
as the motor flux remains constant, the only thing 
that produces the speed regulation is the resistance 
of the circuit.) The reduction of the resistance R 
reduces the resistive losses in the circuit, and, there- 
fore the oscillations do not die down as rapidly as 
shown on diagram A. Summing up, it may be con- 
cluded that the reduction of the resistance R is 
highly beneficial, particularly when the inductance 
and moment of inertia also are changed in the manner 
to be described. 

Effect of Inductance. Diagram C illustrates the 
case when the inductance of the motor and of other 
parts of the circuit has been reduced, the resistance 
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and moment of inertia remaining the same as in 
diagram A. The effect of reducing the inductance 
is twofold: In the first place, oscillations die down 
more rapidly (the time decrement is higher); sec- 
ondly, the frequency of the oscillations is higher. 
The ultimate speed drop s is not affected by the 
change of inductance, but the impact speed drop is 
reduced because of the higher damping effect. On 
the whole, the reduction of the circuit inductance is 
very desirable. 

Effect of Moment of Inertia. Diagram D shows the 
effect of increasing the moment of inertia of the 
system, other factors like resistance and inductance 
remaining the same as in diagram A. The higher is 
the inertia of the system, the lower becomes the 
frequency of oscillation. The ultimate speed drop s 
remains the same, but the impact speed drop d is 
reduced. The latter feature may be understood 
readily because the maximum dip of speed is likely 
to occur when the damping effect already has re- 
duced the amplitude of the oscillations. Thus, it is 
highly desirable to increase the moment of inertia 
of the system to minimize the impact speed drop. 

Combined Effect.. It is evident from the previous 
discussion that in order to obtain the best results, 
as far as the value of the impact speed drop is con- 
cerned, it is necessary to reduce as far as possible 
the resistance and inductance of the circuit and to 
increase the inertia of the rotating parts. 
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Fig. 4. Diagrams illustrating individual effects of 
principal factors influencing speed transients of a 
d-c motor as a heavy load suddenly is applied 
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Magnetic Flux. It has been assumed thus far 
that the magnetic flux of the motor remains constant 
when the load changes, and that the only thing that 
causes the motor to change its speed is the resistive 
(IR) drop in the system. Consider now what 
effect, if any, the change of the motor flux will have 
on the motor performance. 

The current flowing through the motor armature 
produces the so-called ‘‘armature reaction’? which 
tends to demagnetize the machine. Therefore, the 
motor speed tends to increase, counter-balancing 
in part the effect of the voltage drop in the resistance 


-of the system. To put it differently, the armature 


reaction acts like a differentially wound series 
field. 

The effect of the armature reaction is not in- 
stantaneous because anything affecting the main 
flux of the motor is delayed by the very appreciable 
time constant of the main field. Diagram E of 
figure 4 illustrates the effect of this armature re- 
action. The motor speed will not follow the dotted 
line (which corresponds to the speed-time line of 
the diagram D), but will follow the solid line which 
is somewhat higher than the dotted line. The ulti- 
mate speed drop s is obviously less than in the dia- 
gram D; the impact speed drop d also is reduced 
as compared with diagram D, which may appear 
to be rather desirable. Further analysis will show 
that this latter conclusion is not always correct. 


APPLICATION OF RESULTS TO TANDEM TUBE MILLS 


To illustrate the application of the theoretical 
results obtained to the practical case of the tandem 
tube mill drives, figure 5 has been prepared. On 
both diagrams A and B of this figure the solid line 
represents the speed-time curve of a motor driving 
any mill stand, while the dotted lines represent the 
speed-time curve of a motor driving the following 
mill stand. The speed-time curves of both motors 
are assumed to be identical. The curve of the follow- 
ing motor is merely shifted to the right by the time 
t, required for the tube to travel between these 
2 stands. 

The motor speeds, as plotted on these curves, do 
not represent the actual speeds, but the relative 
speeds of 2 motors. In other words, if these relative 
speeds are equal, then there is no stretching nor 
overfeeding between the 2 mill stands these motors 
are driving. On the other hand, if the motor, say 
number 10, is running relatively slower than motor 
11, there is a stretching of the tube between the 
stands; likewise, when motor 10 runs relatively 
faster than motor 11, stand 10 overfeeds stand 11, 
and there is “‘ballooning’’ between these stands. 

It is assumed that of the 2 evils, stretching and 
ballooning, the former is the less objectionable, 
particularly when very thin walled tubes are rolled. 
Therefore, while it is desirable to reduce as far as 
possible both the stretching and the ballooning, 
it is assumed that the latter effect should be mini- 
mized to the largest possible extent. This may or may 
not be true for other products rolled. Diagram A 
of figure 5 illustrates the case when the 2 motors 
under consideration have a relatively small “speed 
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—>TIME 
Fig. 5. Comparison of motors having large and 
small speed recovery 
recovery.’ In other words, the motor flux remains 


more or less constant, the steady-state speed regula- 
tion is relatively large, but the speed recovery (c 
d — s) is rather small. 

The motors represented by diagram B have a 
rather large speed recovery. In other words, the 
conventional speed regulation has been reduced. 

As long as the dotted speed-time curve is higher 
than the one drawn in solid lines, the tube between 
these 2 stands is being stretched. Therefore, this 
area is designated by the word “‘stretching.”” When 
the preceding motor is already on its way to recover 
while the following motor still is going through the 
early stages of the transient period, the solid line 
is higher than the dotted line, and therefore the 
ballooning effect takes place. The amount of this 
ballooning may be said to be proportional to the 
area marked “‘ballooning.’”’ The value } represents 
the maximum difference between the instantaneous 
values of the relative speeds of the 2 adjacent stands, 
and therefore this value should be held to the 
minimum. 

Now from this viewpoint diagram A of figure 5 
will be compared with diagram 6. The motors with 
good (large) speed recovery, as represented by dia- 
gram 5, have a small speed regulation and even the 
impact speed drop d is less than of the motors with 
small speed recovery, diagram A. One would be 
likely to conclude that the motors represented in 
diagram 4, are the more desirable ones of the 2 
combinations; however, this is not true. In order 
to reduce the amount of ballooning to a minimum, 
it is desirable to have the speed-time curves as flat 
as possible after they have passed their minimum 
values; the flatter are these curves, the less is the 


“ballooning” area and the smaller is the speed 


differential b. Thus, even though the motor combi- 
nation of diagram 6B may look better because its 
speed regulation and its impact speed drop are less, 
from the practical standpoint the motor combination 
of diagram A should be preferred. 

The conclusions reached may be summed up as 
follows: The driving motors should be designed 
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Fig. 6. Calculated performance of motors recom- 
mended for driving typical tube mill stands; motors 
rated 400 horse power, 1,000/1,500 rpm, 375 volts 


Assumptions: Load changes suddenly from 5 to 100 per cent; 
tube travels 0.15 second from stand to stand. Allowance 
made for line drop and voltage regulation of generator 


with as small a value of impact speed drop as possible. 
After this is done, their speed recovery should be 
held at the minimum, without too much attention 
being paid to the conventional or steady state speed 
regulation. In other words, after the motor speed 
is reduced, it is desirable to let it remain so rather 
than to recover while the tube rolling process goes on. 
In order to obtain these results, it may be desirable 
to equip the machines with a very light cumulative 
series field so proportioned as to offset in whole or in 
part the demagnetizing action of the armature. 

Attempts have been made at various times to 
improve the steady state speed regulation of tandem 
mill drives, with the idea of improving the operating 
conditions. For instance, series exciters have been 
employed in order to control the degree of com- 
pounding of a d-c motor throughout its speed range 
and thus obtain a nearly flat speed-load curve. 
Mills are known where, at the insistence of the 
operators, special speed regulators have been pro- 
vided, to hold the motor speed regulation (steady- 
state value, of course), within 1/, of 1 per cent. 
Quite obviously, this result, when obtained, did not 
have any effect on impact speed drop. In fact, a 
complete speed recovery would be detrimental to a 
mill like a tandem tube mill, as the foregoing analysis 
shows. 

When the material rolled is flexible and can be 
looped between stands, the impact speed drop, 
creating a transient overfeeding, causes a small 
loop to form. After the motor speeds become 
stabilized under load, this loop ceases to grow and 
remains constant until the whole bar passes the mill. 
Here again, a flat steady-state speed-load char- 
acteristic may result in a larger loop than would have 
been obtained with a slightly drooping speed, every- 
thing else remaining constant. 
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In the appendix of th. paper the analysis of the 
impact speed drop is given in more detail showing 
how the speed-time curve, when load is applied 
suddenly, may be calculated. » 

It is anticipated that the application of the results 
of this paper will result in improved performance of 
mills of the described type. New drives may be de- 
signed with such characteristics as have been pointed 
out. In some instances the operation of existing 
mills can be improved by equipping the~«motors 
with flywheels. This has been done with satis- 
factory results. . 

Tentative designs of motors for a proposed appli- 
cation have shown that the speed dip can be re- 
duced to less than 1/3; of the usual dip (see figure 6) 
without adding too greatly to the cost of the motors. 
This is accomplished by taking into consideration 
the effects of R, L, Ki, and M, as described in the 
appendix, and modifying the design to get desirable 
values for these factors. Of course, when the ma- 
terial can be looped between stands, as in strip 
mills, or when it can withstand considerable com- 
pression, motors of conventional design are well 
suited. 

Finally, it is hoped that a clearer understanding 
of the transient speed-load changes will eliminate 
the numerous and expensive, but futile, attempts 
to correct the transient shortcomings of motors by 
improving their steady-state speed-load character- 
istics. 


Appendix—Equations for 
the Motor Speed Characteristic 


For the purpose of calculation, it is assumed that the torque is 
applied to the motor instantaneously, when the tube or bar being 
rolled strikes the rolls. The solution is obtained under the con- 
dition that the flux in the armature per pole, in both motor and 
generator, remains constant. Therefore, the speed disturbance is 
calculated without the demagnetizing or magnetizing effect of load, 
either for the motor or generator. However, this does not destroy 
the value of the solution as can be seen from succeeding paragraphs. 

The demagnetizing or magnetizing action results from 4 causes: 
first, from the effect of magnetic saturation of the teeth and pole 
face due to the field distortion created by armature reaction; second, 
from the commutation, since the armature conductors short-cir- 
cuited by the brushes, rotating in the commutating field and en- 
circling the main axis of the machine, frequently give demagnetizing 
ampere turns as the load increases; third, from the direct effect 
of the commutating pole ampere turns if the brushes are set off 
neutral; and fourth, from the direct effect, either magnetizing or 
demagnetizing, of the series field. The first and second causes 
are inherent. The third and fourth are imposed and are adjustable 
within limits after the machine is built. 

With the brushes set directly on neutral (equivalent to being 
directly under the center of the commutating pole) the third cause 
is eliminated. This is the normal position in commutating pole 
machines having a series field. Therefore, in the usual machine 
the change in the effective flux is entirely a change in the flux 
through the main poles, and is strongly resisted by the highly 
inductive main field winding. Actually the flux is substantially 
constant during the first portion of the speed dip. Thereafter, the 
calculated speed curve may be raised or lowered along its length 
in proportion to the change in flux. The total correction, if any, 
is known if the steady state speed regulation is known, or if it is 
assumed that adjustments will be made in test to obtain a specified 
steady state regulation. This total action takes place gradually 
over a relatively long period of time because of the slow decay of 
the induced field current. Furthermore, the correction easily is 
applied as the time constant governing the action is that of the 
field circuit, which is determined readily. With knowledge of these 
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facts, it is quite possible to calculate a highly accurate speed-time 
curve on the condition of constant flux. This method provides the 
simplest, quickest way of getting results. 


SPEED EQUATIONS 


Consider a motor and generator with armatures connected to- 
gether and with torque applied to the motor as shown in figure 34. 
The current flowing in the circuit is: 


Bis 1O5=G 
R+ Lp 
where 


E = voltage behind generator impedance 

é = counter electromotive force of motor 

R = total resistance of generator, motor, cables, etc. 
L= 

p= 


lumped inductance of generator, motor, cables, etc. 
d/dt 


Inductance LZ is the total transient inductance of the armature 
circuit consisting of the total inductance of the armatures and 
commutating fields, minus twice the mutual inductance between 
those fields and armatures, plus the inductance of the cables. This 
is substantially a constant except on heavy overloads. The tran- 
sient inductance of the series field is negligible. The total induc- 
tance, L, is only slightly less than the steady state inductance 
(flux linkages per ampere of sustained current) because the effect 
of the solid iron of the frame is to damp only a portion of the flux. 
It has been found that the steady state inductance may be calcu- 
lated roughly by taking the unit resistance of the machine (equal 
to rated volts divided by rated amperes, or rated volts squared 
divided by rated watts) and dividing this by the rated angular 
velocity (#Pn)/60 as though it were reactance (P is the number of 
poles and n is the speed in revolutions per minute). The steady 
state inductance is 0.6 of the resulting value for uncompensated 
machines and 0.25 for compensated machines. Such approximate 
estimates have given remarkably close checks in 11 cases for which 
elaborate calculations have been made. 

The electrical torque of the motor with constant flux is the product 
of a constant times the current. Therefore, this torque may be 
expressed by: 


Sil Ko — Kyun : 

Ki = RY Lp (1) 
where 

8 
K- P4Z10 

24a 
—8 
ite Kia, 12210 
27a 

PEEL are OL.» (GZ )* TES Bre? 
Moe tt Deaios O0aiNs 7 1207(a108)? x_n? 
nm = speed in revolutions per minute 
P = number of poles 
@ = number of armature paths 
Z = number of armature conductors 
@ = flux per pole (maxwells) 


All of the foregoing coefficients are for the motor. 

The electrical torque must balance the total mechanical torque 
consisting of: the suddenly applied torque AT; the initial torque 
To (including the friction of bearings, brushes, windage, etc.); and 
the inertia torque Mjn where WM is an inertia constant of the 
motor armature and is equal to (27/60)(WR?/g) in which W is the 
weight of the armature in pounds, R its radius of gyration in feet, 
and g the acceleration due to gravity. 


= (AT) + To + Mpn (2) 
Substituting equation 1 gives: 
Ko — Kin = (R + pL)(AT + To + Mpn) 
and expanding: 


(R + Lp) 
GT as (AT) 1 (3) 


R NU Ko RL 5 
(nn gear 


LM 


where 1 is Heaviside’s unit function. 
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The solution of this equation by the expansion theorem is: 
_ Ko — RT, — R(AT) 


n K ar 
nek 
(AT) e722 ( (R + Bett + (R — peat) (4) 
2K, 
where 
rae R°M — 2LK, 4 OTS 
2LM 4m LM 
2 
For the oscillatory case let w = AS _ pa ; then a = jw 
By this substitution: 
Rt 
Ko — R(AT + To) bat (AT )e72L 


n= 


sin (ut — sin7! “) 


Ky wM 


In the ordinary case the disturbance is a harmonic oscillation of 
the frequency w/(27) and amplitude (AT)/(wM). The axis of the 
oscillation is the final steady state speed at constant flux. 

If mo is the initial speed and the torque is in foot pounds, 

—Rt : 
1.86R(AT) 1.86(Al)e or ( EM Si a) 
ie = Se sin {| wt sin K (6) 


INFLUENCE OF R, L, AND M 


The influence of factors R, L, and M may be interpreted readily 
from the approximate equations following: 
For values in the ordinary range 


Ky R? 
i piel Pes te 


= Ae Ki (very nearly) 
LM 427? LM 
Substituting this approximate relation gives: 


1.36R(AT) _ 
a es 


Kit 
1 ERAT sin ( tes as = (7) 
864) ( eae a Tit sin-! R — 


This result shows that the speed fluctuation, starting from an 
initial speed mo, is a damped harmonic oscillation about the speed 
0 — 1.86R(AT)/K, as an axis. The amplitude of the oscillation 


is 1.36 J <4 (AT) and the damping exponent, or decrement 


1 
factor, is R/2L. 

These quite simple results led to the conclusions made earlier in 
the paper regarding the effects of R, L, and M. The effects of all 
factors, R, L, M, and K;, may be summed up as follows: 

1. The amplitude of the speed oscillation is 1.36 (AT)./Z /(KiM) 


and is, therefore, independent of R, proportional to »/Z, propor- 


tional tov/1/M, and proportional to V1/Ki. 

2. The offset of the axis of oscillation is 1.86 R(AT)/K, and is 
proportional to R, independent of Z, independent of M, and pro- 
portional to 1/K,. 

3. The frequency of the oscillation is »/K,/(LM)/(2x) and is inde- 
pendent of R, proportional to 1/4 /L, proportional to V1 /M, and 


proportional to VK. 
4. The damping is R/2L and is, therefore, proportional to R, pro- 
portional to 1/LZ, and independent of M and Ki. 

It is obvious that the least fluctuation of speed occurs when the 
values of R, L, K,, and M are such that they result in: (1) small 
amplitude, (2) small offset, (3) low frequency, and (4) large damping. 

The factor K, is fixed by the voltage and speed of the motor. 
On the face of the results, a large value of K, would be desirable 
indicating that high voltage and low speed should be chosen for 
the motor. However, K; is a design factor related to R and L in 
such a fashion that the 3 factors always move to exactly com- 
pensating values so long as the current density in the copper, the 
flux per pole, and the number of poles are not changed. Therefore, 
K;, is not a basic value, and the best motor is one for which R and 
L are made as low as possible. It is beyond the scope of this paper 
to go into the details of the design except to note that considerable 
improvement can be obtained through the proper choice of speed, 
voltage, number of poles, and other design features. As expected, 
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the theory points to an oversized motor and large inertia, especially 
the latter. A separate flywheel is advantageous. 
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Definitions of Power 
and Related Quantities 


Definitions of power, power factor, and 
related quantities in an a-c circuit have 
been prepared in an effort to provide defi- 
nitions which will be generally acceptable. 
If such general acceptance is obtained, 
they will be published as a part of the re- 
vised report on ‘‘Definitions of Electrical 
Terms”’ which is being prepared by the 
Sectional Committee on Electrical Defi- 
nitions. The authors were requested to 
prepare this paper to give to engineers an 
understanding of the principles which 
have guided the preparation of the pro- 
posed definitions and to provide oppor- 
tunity for their discussion. The definitions 
cover the entire field of single-phase and 
polyphase circuits. The explanations start 
with simple circuits and lead to the more 
complex. 
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I fae paper has been prepared to 
present the reasons which have influenced the se- 
lection of the names and defiiiitions of a number of 
quantities which are related to the concept of power 
in an a-c circuit. The preparation of the definitions 
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was undertaken as part of a program which has for 
its object the recording and clarifying of the present 
terminology in the electrical field. This program 
is being carried on by the Sectional Committee on 
Electrical Definitions under the sponsorship of the 
A.J.E.E. and under the rules of procedure of the 
American Standards Association. As part of this 
program, the present paper was prepared Dy? the 
authors at the request of the Institute’s committee 
on instruments and measurements. 

In no part of the field of clarifying electrical termi- 
nology is there greater need of a logical set of defini- 
tions than in connecton with power. As the set 
of definitons which are accepted will soon be pub- 
lished as a part of the sectional committee’s report 
on American standard “Definitions of Electrical 
Terms,” a statement of the considerations which 
have led to the selection of this particular set is 
appropriate at this time in order that a wider dis- 
cussion may lead to further improvements. 

The definitions concerning power in single-phase 
and in balanced polyphase circuits with sinusoidal 
currents and potential differences have been uni- 
versally recognized for many years. The extension 
of these definitions to the more complicated cases 
where the currents and potential differences are 
not sinusoidal and the circuits are unbalanced 
presents difficulties which were early recognized. 
To aid in solving these difficulties, the A.I.E.E. 
held, in 1920, a symposium on the subject. This 
symposium failed to clarify the situation, and 2 
fundamentally inconsistent definitions of power 
factor have persisted in the A.I.E.E. standards for 
many years. The problem was again brought to 
the fore by the ““Roumanian Questionnaire” of 1928, 
and much valuable discussion of it has been stimu- 
lated by the special subcommittee on reactive power 
of the A.I.E.E. standards committee. 

A problem of this sort can never be settled by the 
fiat of any authority, but its solution must neces- 
sarily evolve with the growth of science. Because 
of the controversial nature of the subject, most of 
the definitions pertinent to it were omitted from 
the first report of the Sectional Committee on 
Electrical Definitions which was published in August 
1932. So many comments on this omission were 
sent to the committee that it appeared that the 
proper evolution of the subject might be materially 
assisted by carefully naming and defining the prin- 
cipal concepts involved. Because of the funda- 
mental nature of some of these quantities, the prepa- 
ration of their definitions was referred to the sub- 
committee on fundamental and derived terms of 
the sectional committee, and in the autumn of 1933 
the present authors were charged with the duty of 
preparing this group of definitions. 

In preparing the definitions, advice and criticism 
were obtained from a large number of engineers. 
Before writing any definitions, correspondence was 
carried on with a number of persons who had given 
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particular attention to this field. A set of defini- 
tions was then prepared and circulated to a rather 
large group and over 20 written criticisms were 
received from different individuals and groups. 
After all these suggestions had been carefully con- 
sidered, those definitions concerning which there 
was a wide difference of opinion were revised and 
resubmitted to the same group for further criticism. 
The purpose of this paper is to bring out the reasons 
which have led to the selection of the definitions 
in their present form. 

In the appendix are given those definitions which 
are essential for understanding this paper. In the 
complete report which the subcommittee on funda- 
mental and derived terms has submitted to the 
sectional committee, the definitions are first stated 
in as concise English as is consistent with a definite 
and precise statement. Each quantitative defini- 
tion is then repeated in mathematical symbols. 
The use of mathematical symbols should require 
no apology as it is the one method of expression 
concerning which there is no possible ambiguity. 


However, it has not seemed necessary to the authors: 


to include the mathematical statements in the 
appendix of this paper. 

The definitions of the report are stated in general 
terms assuming that in each case, unless otherwise 
stated, periodic (nonsinusoidal) currents and po- 
tential differences are present. The adaptation of 
- the definitions to sinusoidal cases is readily accom- 
plished by omitting the harmonic terms. This 
method of treatment has not met with universal 
approval. Some critics felt that additional defini- 
tions which would be applicable only to sinusoidal 
and to balanced conditions should also be included. 
This suggestion has not been followed because the 
increased space did not appear to be justified in 
view of the ease with which the simplified form can 
be derived from the more general. Other critics 
felt that the definitions for some of the more unusual 
cases were unnecessary. Although this criticism 
was given very careful consideration, the authors 
reached the conclusion that the formulation of a 
complete and logical set of definitions is more im- 
portant than an attempt, on their part, to select 
only those quantities which, at the present time, 
have sufficient importance to justify defining. 

Every definition necessarily is a statement that a 
particular word or small group of words is to be used 
as a name to designate the idea defined. The 
problem of choosing the names is a matter of funda- 
mental importance and in many respects proved 
to be more difficult than that of formulating the 
precise definitions. After the authors’ tentative 
choice of names had evolved some very vigorous 
criticism, a sort of preferential ballot was circu- 
lated, offering a number of alternative names for 
each of several of the disputed quantities. The 
results of this ballot (modified slightly as required 
to maintain consistency among the different quan- 
tities involved) are the names in the present edition. 
It is to be hoped that these names will find universal 
acceptance in order to strengthen the A. S. A. pro- 
gram of standardization. 

In selecting names, extensive use has been made 
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of qualifying adjectives to distinguish between 
quantities which belong to the same general class. 
It is expected that these adjectives will be omitted 
by writers when the context indicates sufficiently 
well the particular quantity that is under con- 
sideration. However, such an omission should be 
made only if there is no possibility of misunder- 
standing. Verboseness is preferable to indefinite- 
ness. 


I. FUNDAMENTAL CONCEPTS 


There are several fundamental concepts which 
must be kept in mind in making definitions con- 
cerning electric power. The first is that power is 
the rate of flow of energy and hence that it is meas- 
ured at a particular boundary through which the 
energy flows. It follows that before measuring 
power, the boundary at which the power is to be 
measured must be specified. The only method of 
specifying the boundary so that it is applicable to 
all kinds of electric circuits is to consider a closed 
surface which incloses a region into which, or from 
which, the flow of energy is to be measured. Within 
this region may be included a power house or a single 
generator; a factory or a single lamp therein; a 
bank of transformers or a single rectifier. In any 
case, the algebraic sum of all the currents entering 
and leaving the region is zero at every instant. To 
identify a region completely, it is sufficient to 
designate all the places where the circuit enters or 
leaves the region. For convenience, these places 
will generally lie along equipotential surfaces where 
the bounding surface cuts the conductors of the 
circuit and each such cross section is called “a 
point of entry of the circuit” or “‘a terminal of the 
circuit.’”’ Nearly all measurements of power and 
related quantities are made by connecting apparatus 
at such points of entry. 

It will be noted that these statements specifically 
exclude consideration of the distinction between 
potential difference and electromotive force. To 
have introduced these distinctions would have 
greatly complicated the discussion. 

It can be seen that when the circuit considered 
lies within a region so that the surface inclosing it 
cuts no conductors, the definitions do not apply 
directly. The power associated with such a closed 
circuit is, however, essentially indefinite unless the 
consideration is extended to cover not only the flow 
of electrical energy but also the transformations 
from or into other forms of energy. Usually it is 
possible to make assumptions which serve in effect 
to separate such a closed circuit into portions, to 
each of which the present definitions immediately 
become applicable. 


II. NAMES FOR THE QUANTITIES INVOLVED 


Before giving definitions of power, it is necessary 
to decide the names to be used in designating the 
various quantities to be defined. In deciding on 
names, the most difficult question is to determine 
whether the name “power’”’ shall be applied to all 
the quantities which have the dimensions of voltage 
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times current. This can be best illustrated by 
taking as examples 2 terms which are familiar to 
all engineers. The question that must be decided 
is whether ‘‘apparent power” and “‘reactive power” 
shall be used to designate certain quantities, or 
whether these quantities shall be designated as 
‘‘voltamperes” and “‘reactive voltamperes.” <A pref- 
erential ballot indicated that engineers were nearly 
equally divided in their preference regarding these 
2 pairs of terms. A number of letters have been 
received explaining why one or the other set of terms 
is not suitable. Very few have pointed out the 
advantages of the set of terms which they favor. 
Under these conditions, the authors have decided 
to use “apparent power’ and “reactive power”’ for 
the reasons which follow. 

The quantities ‘apparent power” and “reactive 
power” have the same physical dimensions as 
“power”? and therefore can be used in the same 
equation as ‘instantaneous power” or “‘active 
power.”” In other branches of physics and engineer- 
ing, this is often considered sufficient justification 
for continuing a generic name. Moreover, the 
present tendency of engineering usage appears to 
be away from ‘‘voltamperes” and toward ‘‘power.” 
In recent years committees of the Institute have 
frequently used these expressions. 

It is a general principle of nomenclature that it 
is not desirable to name a quantity by some par- 
ticular unit which is used to measure that quantity. 
Hence, it is not desirable to use “‘voltamperes”’ as 
the name of a quantity. If the units are in any way 
to be connected with the name of the quantity, 
it should be called ‘‘voltamperage.”’ 

There has been considerable diversity of opinion 
concerning the adjectives to be used to designate 
the various types of power. Of the expressions 
concerning which there appeared to be enough 
difference in usage to warrant placing them on the 
ballot, only 2, “active power’ and “distortion 
power,” had substantial majorities. In 3 cases, 
“vector power,” “fictitious power,’”’ and ‘‘non- 
reactive power,’ the vote was so close that the result 
was indeterminate, and final decision had to be made 
by the authors. 


III. Power IN SINGLE-PHASE CIRCUITS 
WHEN THE CURRENTS AND POTENTIAL 
DIFFERENCES ARE SINUSOIDAL 


While the definitions of the quantities relating 
to power in a single-phase circuit,* when the current 
and potential difference are sinusoidal, are well 
established, a consideration of the properties of these 
quantities is important before extending the defi- 
nitions to nonsinusoidal wave forms and to poly- 
phase circuits. 

1. Instantaneous Power. The definition of in- 
stantaneous power follows directly from the defini- 
tion of a potential difference and hence instantane- 
ous power is equal to the instantaneous current 
times the instantaneous potential difference. The 


* The term “single-phase circuit” is used throughout this paper with the limited 
meaning of a 2-wire single-phase circuit. 
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algebraic sign of instantaneous power is determined 
by the signs of the current and potential difference 
at that instant, with the result that instantaneous 
power is in most cases negative during a small part 
of each cycle. If both current and potential differ- 
ence are sinusoidal, the instantaneous power can 
be represented as a constant plus a sinusoidal func- 
tion of the time which has double the frequency of 
the current. In a single-phase circuit, the potential 
difference is usually measured from one conductor 
which is taken as having zero potential. However, 
that is not necessarily the case, since, if any other 
point is chosen, the increase in the instantaneous 
power attributed to one conductor is exactly offset 
by the decrease in that attributed to the other 
conductor. Hence, the instantaneous power has 
the following properties: 

a. It is independent of the choice of the point which is taken as the 


origin from which the potentials of the points of entry of the circuit 
are measured. 


b. The total quantity for a region, measured at its points of entry, 
is equal to the algebraic sum of the contributions of the parts into 
which the region may be divided, the measurement for each part 
being made at its respective points of entry. 


2. Active Power. Active power is the time 
average of the values of the instantaneous power, 
the average being taken over a complete cycle of 
the fundamental frequency of the alternating cur- 
rent. Since it is simply a time average of the in- 
stantaneous power, it has the same 2 properties 
listed under instantaneous power. 

3. Apparent Power. In a single-phase circuit, 
the apparent power at the points of entry is the 
product of the effective value of the current and the 
effective value of the potential difference between 
the 2 conductors which carry the current. Apparent 
power, as defined above, requires that one conductor 
be taken as the origin from which to measure the 
potential of the other conductor. The conception 
of apparent power can be so extended that it will 
have property a listed above; viz., the potentials 
may be measured.from any point as origin, provided 
apparent power is treated as a complex quantity 
or vector, the rectangular components of which are 
active power and reactive power. The total ap- 
parent power is then obtained by the vector addition 
of the apparent powers for the 2 conductors. It is 
then evident that apparent power does not have 
property b listed above, since this property involves 
an algebraic addition. However, it does have the 
following analogous property: 


c. The total apparent power (vector power) for a region is equal to 
the rector sum of the contributions of the parts into which the region 
may be divided. 


Apparent power also has the following properties: 


d. Apparent power is numerically equal to the maximum active 
power that can exist at given points of entry with the given effective 
value of the sinusoidal current and potential difference and hence is 
directly related to the size of the required equipment and to the 
generating and transmitting losses. 


é. Apparent power multiplied by the cosine of the angular phase 
difference between the sinusoidal current and potential difference is 
equal to the active power. 


Ji Apparent power is proportional to the amplitude of the cyclic 
fluctuations in the instantaneous power when the currents and 
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potential differences are sinusoidal and hence indicates the tendency 
to produce vibrations. 


4. Reactive Power. Reactive power in a single- 
phase circuit with sinusoidal current and potential 
_ difference is the product obtained by multiplying 
the apparent power by the sine of the angular phase 
difference between the current and potential differ- 
ence. It may be treated as a vector which is always 
in quadrature with active power, or as the absolute 
value of this vector. From the above mathematical 


In this and the following diagrams, 

the reactive power has been drawn 

positive, indicating that the current U 

leads the potential difference as is the Q 
case in a capacitative circuit 


Fig. 1. Power diagram for a single-phase circuit 


under sinusoidal conditions 


statement, it follows that reactive power in a sinu- 
soidal, single-phase circuit has the following physi- 
cal properties: 


g. Reactive power is complementary to active power, since active 
power is equal to the apparent power multiplied by the cosine of an 
angle, whereas reactive power is equal to the apparent power multi- 
plied by the sine of the same angle. From this, it follows that re- 
active power for sinusoidal conditions has 2 of the properties listed 
under instantaneous power and active power; vz. (a) it is inde- 
pendent of the point which is selected from which to measure the 
potentials of the 2 conductors; (6) it can be obtained by the alge- 
braic summation of the reactive powers of the parts of the circuit. 


h. Reactive power for sinusoidal conditions is proportional to the 
amplitude of the alternating component of the power resulting from 
the reactance of the circuit as distinguished from the pulsating com- 
ponent resulting from the resistance of the circuit. 


4. Reactive power is equal to 4m times the frequency, times the 
amount by which the mean value of the stored electrostatic energy 
exceeds the mean value of the stored electromagnetic energy during a 
cycle. 


The algebraic sign to be assigned to reactive 
power has presented a serious problem. In 1933, 
the U. S. national committee of the International 
Electrotechnical Commission sought for guidance 
concerning the conventional direction for plotting 
reactive power when treated as a vector. A careful 
survey of American opinion made by the special 
committee on reactive power of the A.I.E.E. showed 
that the negative (downward) convention for in- 
ductive reactive power (current lagging potential 
difference) was favored in about the ratio of 3 to 2. 
The committee on electrical and magnetic magni- 
tudes and units of the International Electrotechnical 
Commission, meeting in Paris later in the year, 
formally adopted this convention. The authors 
therefore felt obliged to adopt the corresponding 
algebraic sign when reactive power is considered 
as a scalar quantity. 

5. Geometric Power Diagram for Sinusoidal 
Conditions. The geometric power diagram in a 
single-phase circuit under sinusoidal conditions is 
shown in figure 1. It is a right triangle in which 
apparent power U is the hypotenuse, active power 
P and reactive power Q the 2 legs, and the angular 
phase difference @ the angle opposite Q. From this 
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diagram the following additional relationship is 
immediately evident: 


U2 = P? + Q? 


The close analogy between this power diagram 
and the familiar admittance and impedance diagrams 
is evident. 


IV. EXTENSION OF POWER CONCEPTS TO 
SINGLE-PHASE CIRCUITS WITH NONSINUSOIDAL 
CURRENTS AND POTENTIAL DIFFERENCES 


The commonly accepted method of dealing with 
problems involving nonsinusoidal quantities is to 
resolve each into its fundamental and harmonics by 
a Fourier analysis, and to treat each component 
separately. In extending power concepts, this 
method of analysis has been used as much as is 
feasible. 

1. Instantaneous Power. In single-phase cir- 
cuits in which the current and potential difference 
have harmonics, instantaneous power is necessarily 
defined in the same manner as for sinusoidal condi- 
tions. However, in this case, its variation is not a 
simple sine function of the time, so that the in- 
stantaneous power is given by an expression which 
includes the product of each harmonic term of the 
current by every harmonic of the potential differ- 
ence. 

2. Active Power. The averaging of the instan- 
taneous power over a complete period of the funda~- 
mental component gives the active power for that 
period. This leads to a relatively simple expression, 
as most of the terms in the expression for instan- 
taneous power disappear in the averaging process. 
In this way, it is shown that the active power under 
periodic conditions is equal to the algebraic sum of 
the active powers corresponding to the fundamental 
and to each harmonic. This extended definition 
to periodic conditions retains for active power the 
same properties as were given by the sinusoidal defi- 
nition; viz. (a) it is independent of the point from 
which potentials are measured; (b) the total for an 
entire region is the algebraic sum of the parts into 
which the region may be divided. 

3. Apparent Power. Apparent power also is 
defined in the same manner for periodic conditions 
as for sinusoidal conditions; vz., it is the product 
of the effective (root-mean-square) current in one 
conductor by the effective potential difference be- 
tween the 2 conductors. Apparent power as thus 
defined for periodic conditions has only 1 of the 3 
special properties of apparent power as defined for 
sinusoidal conditions; vzz., that one given as d (in 
a previous paragraph) which states that the ap- 
parent power is the maximum possible active power 
for the given effective values of the current and 
potential difference. This property is generally 
considered as the most important of the 3. The 
relation between the apparent power and the active 
power depends not only upon the angular phase 
differences of the fundamentals and harmonics as 
indicated under e for sinusoidal conditions, but also 
upon their relative magnitudes. Also the extreme 
variations of the instantaneous power are not pro- 
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portional to the apparent power as given under f for 
sinusoidal conditions. 

4. Reactive Power. Reactive power in a single- 
phase circuit with periodic current and potential 
difference is defined as the algebraic sum of the re- 
active powers corresponding to the fundamental and 
to each harmonic component. This definition re- 
tains the properties g, a, and of the definition for 
sinusoidal conditions; viz., that reactive power is 
complementary to active power, and like it, is 
independent of the point from which potentials 
are measured and the whole is the sum of the parts. 
It does not retain and 1, the close relation to re- 
actance and to the storage of energy in the electro- 
magnetic and electrostatic fields. Some engineers 
have suggested that the definition be modified by 
multiplying the reactive power of each harmonic 
component by its number for the purpose of retaining 
property i which relates reactive power with the 
rate of storage of energy in the electrostatic and 
magnetic fields. Such a multiplication destroys 
the parallelism with active power (property g). 
Other critics suggested limiting the concept of re- 
active power to sinusoidal conditions, except as it 
might be applied to the individual harmonics sepa- 
rately. If this were accepted, there would be, ina 
periodic circuit, no term complementary to active 
power, and hence the possibility of the further ex- 
tension of power concepts would vanish. Neither 
of these proposals seemed to warrant changing a 
definition that has been in the A.I.E.E. standards 
(polyphase circuits) for many years. 

5. Geometric Power Diagram for Periodic Con- 
ditions. With the definitions that have been 
chosen, the square of the apparent power is, in 
general, greater than the sum of the squares of the 
active power and reactive power when there are 
harmonics in the current and potential difference. 
Under these conditions the triangular diagram which 
is applicable to sinusoidal conditions must be modi- 
fied. One method of doing this is to introduce a 
new quantity, distortion power, which is so defined 
that the square of the apparent power is equal to 
the sum of the squares of the active power, the 
reactive power, and the distortion power. Instead 
of representing these quantities in one plane, a more 
convenient diagram is obtained by a figure in 3 di- 
mensions, as shown in figure 2. This diagram has 
the advantage that it gives a mental picture of the 
interrelations of all the power concepts that have been 
proposed in connection with single-phase circuits. 

6. Distortion Power. This term was defined 
above in connection with the geometric power 
diagram. Its name appears to some extent in the 
literature and seems appropriate because the dis- 
tortion power differs from zero only when the 
current or potential difference has harmonics (is 
distorted). 

7. Fictitious Power. Fictitious power is defined 
as the square root of the difference of the squares 
of the apparent power and the active power. From 
the diagram, figure 2, it is seen that the square of the 
fictitious power is equal to the sum of the squares 
of the reactive power and distortion power. It is 
identical with the quantity which was defined as 
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This diagram is drawn to represent 
the vector addition, in 3 dimen- 
sions, of active power, P, re- 
active power, Q, and distortion 
power, D. The vector sum of P 
and Q is the vector power, V; 
the vector sum of Q and D is the 
fictitious power, F; the vector 
sum of P and D is the nonreactive 
power, N; while the vector sum 
of all 3 is the apparent power, U 


Fig. 2. Power diagram for a single-phase circuit 
under periodic (nonsinusoidal) conditions 


reactive power in the A.I.E.E. standards (single 
phase) in 1921. Some change in the name was 
required because the A.I.E.E. standards had 2 
conflicting definitions for ‘reactive power.” 

8. Vector Power. Vector power is defined as 
the square root of the sum of the squares of the 
active power and reactive power. It has the 
property a above; viz., it is independent of the 
origin from which potentials are measured; and 
also property c, viz., the whole is the vector sum 
of the parts. In addition to forming a rational part 
of the power diagram for periodic conditions in 
single-phase circuits, it is particularly useful in 
polyphase circuits. The concept was formally de- 
fined for such circuits by the A.I.E.E. in 1920, the 
name ‘‘vector voltamperes”’ being applied to it at 
that time. It will be seen that if there are no har- 
monics, vector power in a single-phase circuit be- 
comes identical with apparent power. 

9. Nonreactive Power. Nonreactive power is 
the square root of the sum of the squares of the 
active power and distortion power. This term has 
been introduced to complete the naming of the 
edges of the power diagram. The name was chosen 
to indicate that it is the residue when reactive power 
is subtracted vectorially from apparent power. 


V. BALANCED POLYPHASE CIRCUIT 
UNDER SINUSOIDAL CONDITIONS 


The extension of power concepts to a balanced 
polyphase circuit with sinusoidal currents and 
potential differences, both of which form symmet- 
rical sets, follows directly from the single-phase 
definitions under sinusoidal conditions. Because of 
the symmetry, such a circuit may be considered as 
divided into a group of single-phase circuits, each 
having the same effective current and potential 
difference, with the same phase difference, as every 
other. The manner of separation into equal single- 
phase circuits is immaterial, but the customary 
method is to consider the single-phase circuits as 
the arms of a star network, with the currents those 
in the line conductors and the potential differences 
those from each line conductor to neutral. Each 
power quantity for the balanced polyphase circuit 
is defined as the sum of the corresponding quantities 
for the single-phase circuits. However, the in- 
stantaneous power in a balanced polyphase circuit 
under sinusoidal conditions does not change during 
a cycle as is the case in a single-phase circuit. All 
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the power concepts connected with a single-phase 
circuit under sinusoidal conditions, viz., active 
power, apparent power, and reactive power, are 
thus extended to a balanced polyphase circuit under 
the same conditions. They have the same proper- 
ties that they have in the single-phase circuits, 
except that, since there are no fluctuations in in- 
stantaneous power, apparent power cannot be 
correlated with such fluctuations. 


VI. BALANCED POLYPHASE CIRCUIT 
UNDER NONSINUSOIDAL CONDITIONS 


The extension of power concepts to a balanced* 
polyphase circuit with harmonics in the currents 
and potential differences may be accomplished by 
considering the circuit either as separated into a 
group of single-phase circuits each of which has the 
same current and potential difference as every other 
or as divided into an assemblage of balanced sinu- 
soidal polyphase circuits in which the frequencies 
of the currents and potential differences are those 
of the fundamental and the harmonics of the cur- 
rents and potential differences of the balanced 
circuit. If the first method is employed, ‘‘active 
power,” “reactive power,” “apparent power,’ “‘dis- 
tortion power,” “‘vector power,” “fictitious power,” 
and “‘nonreactive power”’ are all obtained by multi- 
plying the values for one single-phase circuit under 
periodic conditions by the number of circuits. The 
properties of the various quantities when summed 
in this way are the same as they are in a single-phase 
circuit. Hence, apparent power has the property 
d previously outlined; i. e., it is the maximum 
possible active power for the given effective currents 
and potential differences. However, the instan- 
taneous power of the circuit is obtained by an 
algebraic summation of the instantaneous powers of 
the component single-phase circuits. It is, in 
general, not a constant but shows a cyclic variation 
with time. 

If the second method is employed for each member 
of the assemblage of balanced polyphase circuits, 
values can be determined for the quantities ‘‘active 
power,” “‘reactive power,” and “apparent power,” 
as is the case with any balanced polyphase circuit 
under sinusoidal conditions. Active power and 
reactive power of the circuit are obtained by the 
algebraic addition of the contributions of the suc- 
cessive members of the assemblage. The vector 
power of the circuit is obtained correspondingly by 
the vector addition of their vector powers each of 
which is identical with its apparent power because 
each component is sinusoidal. The arithmetic sum 
of the apparent powers of the successive members of 
the assemblage does not give the same value for 
the apparent power of the circuit as was obtained 
by the first method. Because the apparent power 
as defined by the first method is generally recognized 
as the apparent power of a balanced polyphase 
circuit, and has the important property d noted 


* The term “balanced polyphase circuit” is here used to indicate a circuit in 
which all the potential differences of the polyphase set are symmetrical, and that 
the currents are also symmetrical but do not necessarily have the same wave 
form as the potential differences. See definition of a symmetrical set in the 
2ppendix. 
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above, that definition has been preferred to one that 
might have been formulated from the second method. 


VII. UNBALANCED POLYPHASE CIRCUIT 
UNDER SINUSOIDAL CONDITIONS 


The extension of power concepts to an unbalanced 
polyphase circuit with sinusoidal currents and po- 
tential differences, all of which have the same fre- 
quency, can be made either by separating the poly- 
phase circuit into a group of single-phase circuits, 
in which the currents are those in the conductors 
at the points of entry and the potential differences 
are measured from a common point, or by resolving 
the unbalanced polyphase circuit into an assemblage 
of balanced polyphase circuits in which the char- 
acteristic angles of the symmetrical sets of currents 
and potential differences of the members of the 
sequence are integral multiples of a common angle. 

The customary method of separating into single- 
phase circuits is to choose an origin from which to 
measure potentials and to consider that the single- 
phase component circuit corresponding to each 
point of entry carries the current in the correspond- 
ing conductor with a potential difference equal to 
that between the origin and the given point of entry. 
Since instantaneous power, active power, and re- 
active power are independent of the point chosen as 
an origin, their values are the same for every pos- 
sible separation into single-phase circuits. Also, 
their properties are identical with those which they 
have in single-phase circuits and in balanced poly- 
phase circuits. 

It is to be noted, however, that although the 
insertion in the usual manner of a set of wattmeters 
at the terminals of an unbalanced polyphase circuit 
gives a theoretically correct measurement of the 
active power in the polyphase circuit, the corre- 
sponding method for measuring reactive power will 
not give a correct result if beth the currents and 
the potential differences form unsymmetrical sets. 
A theoretically possible but impracticably com- 
plicated sequence network is required for a correct 
measurement of reactive power in this case. 

There is no one quantity in an unbalanced poly- 
phase circuit which possesses the properties of ap- 
parent power in a single-phase or a balanced poly- 
phase circuit. To meet this situation, a number of 
different quantities have been suggested, each of 
which is in some respects analogous to apparent 
power, with the result that, in an unbalanced poly- 
phase circuit, apparent power must be considered 
as a generic term. Four of these quantities which 
appear to have the greatest significance, practical 
or theoretical, have been formally defined as ex- 
tensions of apparent power to unbalanced circuits. 
Each of these extensions postulates some particular 
manner of separating the polyphase circuit into 
component single-phase circuits, and each defines 


‘the total apparent power by a suitable combination 


of the apparent powers of the component circuits. 

1. Arithmetic Apparent Power. Arithmetic ap- 
parent power in an unbalanced polyphase circuit is 
defined as the sum of the apparent powers obtained 
by multiplying the effective current in each line 
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conductor at the point of entry by the effective 
potential difference between it and the actual neu- 
tral, when one exists, or, if one does not exist, then 
an artificial neutral arbitrarily defined by the 
potential of the junction of a star of equal imped- 
ances connected to the line terminals. 

Although this extension corresponds to the one 
which is commonly employed in extending the 
definition of apparent power from single-phase 
circuits to balanced polyphase circuits, yet in the 
unbalanced circuit, arithmetic apparent power, 
unfortunately, has none of the properties of apparent 
power in either of the simpler types of circuit. 
Because of this lack of definite properties, the 
A.L.E.E. did not, in 1920, include this definition in 
their standards. However, a number of engineers 
have urged its inclusion, possibly because it can be 
readily obtained from measurements with ammeters 
and voltmeters. The name has been chosen because 
it is the arithmetic sum of the contributions of the 
different component circuits. 

2. Limiting Apparent Power. Limiting apparent 
power, in the case of an unbalanced circuit which is 
intended to be supplied with power from a sym- 
metrical polyphase source, is equal to the maxi- 
mum power which could exist at the points of entry 
of the circuit without loading any one of them more 
heavily than the actual load does at the most heavily 
loaded one. Like arithmetic apparent power, it is 
simple to measure; but unlike the former, its value 
is determined from a single current and a single 
potential difference. 

3. Algebraic Apparent Power. Algebraic ap- 
parent power in an unbalanced polyphase circuit is 
so defined that it possesses property d, previously 
outlined, of single-phase and balanced polyphase 
circuits; 2z., it is equal to the maximum active 
power that can exist at the given points of entry 
with the given effective values of the currents in, 
and the potential differences between, the points 
of entry. This is the Lyon-Lienard concept of 
apparent power and requires that the common point 
of the group of component single-phase circuits be 
chosen in a particular manner. The determination 
of the common point for the purpose involves the 
various values of current as well as of potential 
difference. If the common point is located by a Star 
of resistances, there may be required, in extreme 
cases, one or more armis having a negative resistance. 
When this is the case, the contributions from the 
corresponding component circuits must be con- 
sidered negative, hence the name algebraic apparent 
power. 

4. Vector Power. Vector power in an un- 
balanced polyphase circuit under sinusoidal condi- 
tions is defined as the square root of the sum of the 
squares of the active power and reactive power. 
As in the previous use of this term, it has properties 
aandc; wz., it is independent of the point of 
measuring potentials and the whole is the vector 
sum of the parts. 

It is to be noted that the distinction between 
vector power and apparent power arises from the 
unbalance of the circuit. In a balanced polyphase 
circuit, vector power, arithmetic apparent power, 
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Fig. 3. Power diagram for an unbalanced 4-wire 
polyphase circuit under sinusoidal conditions 


This diagram represents in one plane the vector addition of 

the contributions, corresponding to a particular origin from 

which potentials are measured, from each of the 4 points of 

entry. The vector, M, representing the mesh power, is drawn 

perpendicular to the vector power, V, and of such length 

that the vector sum of V and M has the magnitude of the 
apparent power, U 


and algebraic apparent power all have the same 
value and are called apparent power in the same 
way as, in a single-phase circuit, vector power and 
apparent power become identical when there is no 
wave distortion and are similarly called apparent 
power. Another feature of vector power is its 
identity, under sinusoidal conditions, with algebraic 
apparent power in a circuit with 3 points of entry. 

5. Mesh Power. Mesh power has been sug- 
gested (see reference 1 at end of paper) as a quantity 
to connect algebraic apparent power with vector 
power in an unbalanced polyphase circuit under 
sinusoidal conditions in the same manner that dis- 
tortion power is used to connect these quantities 
in a single-phase circuit when harmonics are 
present. Hence, a definition of mesh power comes 
from the relationship that the square of the algebraic 
apparent power is equal to the sum of the squares of 
the active power, reactive power, and mesh power. 
A similar definition can be formulated to connect 
vector power with arithmetic apparent power, so 
that adjectives may be required to distinguish the 
2 possible kinds of mesh power. 

6. Geometric Power Diagram for a Sinusoidal 
Unbalanced Circuit. A geometric power diagram 
for an unbalanced 4-wire circuit under sinusoidal 
conditions is shown in figure 3, the length of the 
sides being numerically equal to the value of the 
corresponding power quantities. In this case, the 
diagram has been made in one plane, since there 
are no harmonics and hence no distortion power. 
The length af has been chosen equal to the alge- 
braic apparent power U, and fe is drawn at right 
angles to ae so that M represents the mesh power. 
This diagram shows the vectorial nature of the sum- 
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mation which gives the straight line ae as the 
vector power of the entire circuit. 

If the separation of the 4-wire circuit into single- 
phase component circuits has been made by measur- 
ing the potentials from the actual neutral, or, in 
its absence, an equal-arm artificial neutral, the 
triangle deg will reduce to a point. The arithmetic 
power is then equal to the arithmetic sum of the 
hypotenuses of the remaining 3 triangles; i. e., the 
length of the broken line abcd. This shows that 
arithmetic apparent power is greater than the 
vector power unless the angular phase differences 
of the component circuits are identical. 

For each point which may be chosen as the origin 
from which to measure the potentials, there is a 
corresponding power diagram. If this point is de- 
termined by a resistance star having the properties 
required for measuring algebraic apparent power, 
then the length of the broken line abcde is the 
algebraic apparent power. However, in obtaining 
the length of the broken line, those parts of the line 
corresponding to those arms of the star in which the 
resistance has a negative value must be taken as 
negative. This broken line will be longer than ad 
except when all the phase angles are equal. With 
only 3 points of entry the phase angles of the separate 
circuits which determine the algebraic apparent 
power are necessarily equal, but this may not be 
the case with 4 or more points of entry. When the 
phase angles are not equal, mesh power must be 
introduced to account for the difference between 
the length of the broken line abcde and the straight 
line ae, in that diagram in which the potentials are 
measured from the point required for determining 
algebraic apparent power. 

7. Symmetrical Components. The method of 
resolving an unbalanced polyphase circuit in which 
the currents and potential differences are sinusoidal 
into a group of balanced circuits, in each of which 
the currents and potential differences form sym- 
metrical sets, furnishes an alternative procedure for 
treating power problems in such circuits. This 
method of separating an unbalanced polyphase 
circuit into a group of balanced polyphase circuits 
instead of into a group of unequal single-phase 
circuits avoids some of the difficulties which have 
been noted in the preceding paragraphs. When 
such a resolution is made, the various definitions 
of power as extended to a balanced polyphase 
circuit under sinusoidal conditions are directly 
applicable. The active power and reactive power 
of the separate balanced polyphase circuits can be 
added algebraically to obtain the total active power 
and reactive power respectively of the unbalanced 
circuit. The vector sum of the apparent powers 
of the symmetrical components is, for the un- 
balanced circuit, identical with the vector power as 
obtained by separating into a group of single-phase 
circuits. 


VIII. UNBALANCED POLYPHASE CIRCUIT 
UNDER NONSINUSOIDAL CONDITIONS 


The extension of power concepts to the general 
ease of an unbalanced polyphase circuit, with 
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harmonics in the currents and potential differences, 
may be accomplished as in the preceding cases by 
considering the circuit as separated either into a 
group of single-phase circuits, in which the currents 
are those in the line conductors and the potential 
differences are those between a common point and 
the line conductors, or as divided into an assemblage 
of unbalanced sinusoidal polyphase circuits in which 
the frequencies are those of the fundamental and 
harmonics. 

The method of separating into single-phase circuits 
permits the immediate application of the analysis of 
each circuit by the extension already given for a 
single-phase circuit under periodic conditions. 
There is no unique division of an unbalanced poly- 
phase circuit into component single-phase circuits, 
since no possible separation will give a group of 
identical circuits. The method generally employed 
is the same as was outlined for an unbalanced sinu- 
soidal circuit; 1v2z., choose a common point from 
which to measure potentials and consider the com- 
ponent circuits as characterized by the current 
in each conductor and by the potential difference 
from the point of entry of the conductor to the 
common point. As in the unbalanced sinusoidal 
case, the instantaneous power, the active power, and - 
the reactive power of the entire circuit can be ob- 
tained by the algebraic summation of the corre- 
sponding quantities for the single-phase circuits as 
defined for a single-phase circuit under periodic 
conditions. Also, a vector summation of the vector 
power of the component circuits gives the vector 
power of the entire circuit. These 4 quantities 
have all the properties that they possessed in a 
single-phase circuit, so that they are independent 
of the point from which the potentials are measured, 
and are additive. All the other power quantities 
need to be separately considered. All excepting 
arithmetic, algebraic, and limiting apparent power 
can best be considered in connection with the geo- 
metric power diagram for this type of circuit. 

1. Arithmetic and Limiting Apparent Power. 
Arithmetic and limiting apparent power are re- 
spectively defined in the same manner for a circuit 
under unbalanced periodic conditions as under un- 
balanced sinusoidal conditions. Since they depend 
only upon the effective values of currents and 
potential differences, a knowledge of the wave form 
is not required in the measurement of either. As 
in the unbalanced sinusoidal case, arithmetic ap- 
parent power has none of the properties associated 
with it in single-phase circuits. 

2. Algebraic Apparent Power. Algebraic ap- 
parent power is also defined in the same manner for 
a circuit under periodic conditions as under sinu- 
soidal conditions. This requires the selection of a 
particular point from which to measure potentials. 
With 3 points of entry, it may not be the same as 
vector power, as was the case with an unbalanced 
sinusoidal circuit. In other respects, the state- 
ments made for a sinusoidal unbalanced circuit are 
directly applicable. 

3. Geometric Power Diagram of a Periodic 
Unbalanced Circuit. The geometric power diagram 
for an unbalanced, 3-wire circuit under periodic 
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conditions is shown in figure 4. In the diagram is 
shown the vector summation in space of the active 
powers, the reactive powers, and the distortion 
powers of the component circuits. If the potentials 
used in obtaining the quantities for this diagram 
were all measured from the neutral (either the real 
neutral or an artificial neutral obtained as indicated 
in the definition for arithmetic apparent power), 
the length of the broken line abcd is equal to the 
arithmetic apparent power. On the other hand, if 
the point from which the potentials are measured 
is determined by the star of resistances required by 
the definition of algebraic apparent power, the 
length of the broken line abcd is equal to the algebraic 
apparent power, unless the star of resistances con- 
tains one or more negative resistances, in which 
case an algebraic sum of the lengths of the lines 
ab, bc, etc., is required, the sign of each term de- 
pending upon the sign of the resistance. In either 
case, the vector power is not equal to the vector 
sum of the lines ab, bc, and cd, which is the line ad, 
but to the projection of ad on the PQ plane. 

The algebraic sum of the active power and of the 
reactive power is the same for each of the power 
diagrams that can be constructed for a given set of 
conditions. Hence, the vector power of the un- 
balanced circuit is independent of the point from 


; ih 


Fig. 4. Power diagram for an unbalanced 3-wire 
polyphase circuit under periodic conditions 


This diagram represents, in 3 dimensions, the vector addition 
of the contributions, corresponding io a particular origin 
from which potentials are measured, from each of the 3 points 
of entry. The projections are shown on each of the 3 co- 
ordinate planes. The mesh power, M, is drawn perpendicu- 
lar to the diagonal ad, and of such length that the hypotenuse 
of the resulting triangle equals the apparent power. For the 
origins which give arithmetic and algebraic apparent power, 
respectively, the corresponding adjectives should be applied 
to distortion power and mesh power 
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which potentials are measured. However, the sum 
of the distortion powers is not the same in the differ- 
ent diagrams. It follows that distortion power is 
not definite unless the particular point from which 
potentials are measured is specified. In any case, 
the broken line abcd, which represents apparent 
power, is equal to or larger than the straight line 
ad which represents the vector summation of active 
power, reactive power, and distortion power, Hence, 
another quantity, mesh power, is introduced which 
is equal to the line df drawn perpendicular to ad 
and of such Jength that the hypotenuse of the right 
triangle adf is equal to the apparent power. 

4. Distortion Power. Distortion power for any 
given division of an unbalanced periodic circuit into 
single-phase circuits is the sum of the distortion 
powers of the separate circuits. If the division is 
that required for obtaining arithmetic apparent 
power, the sum of the distortion powers is the 
arithmetic distortion power; if that required for 
algebraic apparent power, the sum is algebraic 
distortion power. 

5. Mesh Power. Mesh power is defined from 
the relationship that the apparent power is equal to 
the square root of the sum of the squares of the total 
active power, the total reactive power, the total 
distortion power, and the mesh power. It is 
definite only when the point from which potentials 
are measured is specified. Hence, in specific cases, 
the terms “arithmetic mesh power” and “algebraic 
mesh power’? may be employed. 

6. Symmetrical Components. The _ second 
method of treating power concepts in unbalanced 
polyphase circuits under periodic conditions is to 
resolve the harmonic component sets of both the 
currents and the potential differences into sym- 
metrical components. This method is carried out 
in 2 steps. First, the polyphase sets of the currents 
in the points of entry and the potential differences 
to any convenient origin are resolved into a series 
of harmonic components. Next, the resulting un- 
symmetrical sinusoidal sets for each frequency are 
separated into their symmetrical components. Such 
a resolution is unique, so that the value of each 
symmetrical component of each harmonic compo- 
nent is independent of the point from which potentials 
are measured. The total active power is obtained 
by the algebraic summation of the active powers of 
all the symmetrical components of every harmonic 
component. The total reactive power is similarly’ 
defined. The vector power is the vector sum of the 
vector powers of the component parts. It is inter- 
esting to note that the arithmetic sum of all the 
individual vector powers gives a definite quantity 
which might be called symmetrical apparent power. 
However, this is not directly related to arithmetic 
apparent power, algebraic apparent power, or limit- 
ing apparent power. 


IX. Crercuits In WHICH THE EFFECTIVE 
VALUES OF THE CURRENTS AND POTENTIAL 
DIFFERENCES VARY WITH TIME 


An extension of power concepts to circuits in which 
the effective values of the currents and potential 
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differences vary with the time is theoretically pos- 
sible by literally applying the preceding definitions 
to each individual cycle separately, and suitably 
combining the results. In only a few cases is such 

an analysis useful. Only 2 cases will be considered. 
The first case arises in connection with the sale 
of electrical energy because the charges are some- 
times made to depend upon the average values of 
power quantities during a ‘‘demand”’ interval. 
Active power and reactive power, being scalar quan- 
tities, can be averaged by adding algebraically the 
respective values for each cycle and dividing by the 
number of cycles, or by some equivalent process. 
Vector power, however, is logically averaged by 
taking the vector sum of the values for each cycle 
and dividing by the number of cycles. The nu- 
merical value obtained by this vector averaging is 
equal to the square root of the sum of the squares 
of the average active power and the average reactive 
power. The average values of other power quan- 
tities do not appear to be required. 

The second case arises in circuits in which there 
is persistent ‘hunting’ or in which the load varies 
periodically with a period much longer than that of 
the alternating current. The average value of the 
active power is obtained by averaging over a period 
of the hunting or of the periodic load. The exten- 
sion of the preceding definitions of other power 
quantities to this case is too specialized for stand- 
ardization at the present time. 


X. Power FACTOR 


Power factor is a term which arose in connection 
with single-phase circuits to designate the numerical 
factor by which the value of apparent power is multi- 
plied to give the value of active power. This is a 
definite factor in all single-phase and balanced poly- 
phase circuits. Also, in these circuits, apparent 
power is identical with vector power. However, in 
the extension to unbalanced polyphase circuits, 
power factor becomes a generic term, requiring 
adjectives to distinguish the different relationships 
that may be required. Hence, vector power factor, 
arithmetic apparent power factor, algebraic ap- 
parent power factor, and limiting apparent power 
factor are all numerical factors by which the values 
of the similarly designated power quantities must 
be multiplied to give the value of active power. 


Appendix—Extracts From 
Proposed A.S.A. Definitions 


Points of Entry of an Electric Circuit (A Set of Terminals). The 
points of entry (or exit) for delimiting an electric circuit where it 
enters or leaves a region are the group of surfaces, one cutting each 
of the conducting paths where the path enters or leaves the region, 
each of which is individually an equipotential surface and each of 
which is also a part of the single surface that constitutes the boundary 
of the region. It follows from this definition that the algebraic sum 
of the instantaneous currents through a complete set of points of 
entry is zero at every instant. 

Instantaneous Power. Instantaneous power at given points of 
entry of an electric circuit is, at any instant, the rate at which 
electrical energy is then being transmitted by the circuit through 
the boundary of the region which corresponds to the given points of 
entry. 
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Instantaneous Power of a Single-Phase 2-Wire Circuit. The in- 
stantaneous power at the 2 points of entry of a single-phase 2-wire 
circuit is equal to the product obtained by multiplying the instan- 
taneous current in one conductor by the instantaneous potential 
difference between the 2 points of entry. The value of instantaneous 
power is given in watts when the instantaneous current is in amperes 
and the instantaneous potential difference is in volts. 

Active Power of a Single-Phase 2-Wire Circuit (Power) (Actual 
Power). Active power at the points of entry of a single-phase 2-wire 
circuit is the time average of the values of the instantaneous power 
when the average is taken over a cycle of the fundamental fre- 
quency of the alternating current. The value of active power is 
given in watts when the effective current is in amperes and the 
effective potential difference is in volts. 

Reactive Power of a Single-Phase 2-Wire Circuit. Reactive power 
at the 2 points of entry of a single-phase 2-wire circuit is, for the 
special case of a sinusoidal current and a sinusoidal potential differ- 
ence of the same frequency, equal to the product obtained by multi- 
plying the effective value of the current by the effective value of the 
potential difference, and by the sine of the angular phase difference 
by which the current leads the potential difference; and is, for the 
more general case of a periodic current and a periodic potential 
difference of the same fundamental frequency, the algebraic sum of 
the reactive powers corresponding to the sinusoidal harmonic com- 
ponents. The value of reactive power is given in vars when the 
effective current is in amperes and the effective potential difference 
is in volts. 

Vector Power of a Single-Phase 2-Wire Circuit (Combined Power) 
(Vector Voltamperes). Vector power is equal to the square root of 
the sum of the squares of the active power and the reactive power. 
Vector power is generally treated as a vector of which the com- 
ponents are 2 mutually perpendicular vectors that have the magni- 
tudes of active power and of reactive power. It follows that the total 
vector power is the vector sum of the vector powers of the harmonic 
components. The unit of vector power is the vector voltampere. 
Apparent Power of a Single-Phase 2-Wire Circuit. Apparent power 
at the 2 points of entry of a single-phase 2-wire circuit is equal to the 
product of the effective current in one conductor multiplied by the 
effective potential difference between the 2 points of entry. The unit 
of apparent power is the voltampere. 

Distortion Power of a Single-Phase 2-Wire Circuit. Distortion 
power is equal to the square root of the difference of the squares of 
the apparent power and the vector power. The unit of distortion 
power is the distortion voltampere. 

Fictitious Power of a Single-Phase 2-Wire Circuit. Fictitious 
power is equal to the square root of the difference of the squares of 
the apparent power and the active power. The unit of fictitious 
power is the fictitious voltampere. 

Nonreactive Power of a Single-Phase 2-Wire Circuit. Nonreactive 
power is equal to the square root of the difference of the squares of 
the apparent power and the reactive power. The unit of non- 
reactive power is the nonreactive voltampere. 

Symmetrical Polyphase Set of Potential Differences. A sym- 
metrical polyphase set of potential differences is a set in which each 
potential difference has the same effective value and the same wave 
form as each other potential difference and in which the individual 
potential differences form a closed sequence such that successive 
members differ in phase by equal amounts. 

Characteristic Angular Phase Difference. The characteristic 
angular phase difference of a symmetrical polyphase set of potential 
differences or currents is the angular phase difference between ad- 
jacent members of the sequence. 

Instantaneous Power of a Polyphase Circuit. The instantaneous 
power at the points of entry of a polyphase circuit is equal to the 
sum of the products obtained by multiplying the instantaneous 
current at each point of entry by the potential difference between 
that point of entry and some arbitrarily selected origin from which all 
the potential differences are measured (which may be the neutral 
point of entry). The value of the instantaneous power is given in 
watts when the currents are in amperes and the potential differences 
are in volts. 

Active Power of a Polyphase Circuit (Power) (Actual Power). The 
active power at the points of entry of a polyphase circuit is the time 
average of the values of the instantaneous power at the points of 
entry, the average being taken over a complete cycle of the funda- 
mental frequency of the alternating current. The value of active 
power is given in watts when the effective currents are in amperes 
and the effective potential differences are in volts. 
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Reactive Power of a Polyphase Circuit. The reactive power at the 
points of entry of a polyphase circuit is equal to the sum of the 
products obtained by multiplying the effective value of each har- 
monic component of the current through each of the points of entry, 
by the effective value of the corresponding harmonic component of 
the potential difference between the point of entry and an arbitrarily- 
selected origin (which may be the neutral terminal) and by the sine 
of the angular phase difference by which that harmenic component 
of current leads the corresponding harmonic component of the 
potential difference. The value of reactive power is given in vars 
when the effective currents are in amperes and the effective potential 
differences are in volts. 
Vector Power of a Polyphase Circuit (Combined Power) (Vector 
Voltamperes). Vector power at the points of entry of a polyphase 
circuit is equal to the square root of the sum of the squares of the 
active power and the reactive power. 
Average Vector Power. The average vector power at the points of 
entry of any electrical circuit, averaged over a time interval which 
contains a large number of periods of the alternating current, is 
equal to the square root of the sum of the squares of the average ac- 
tive power during the interval and the average reactive power dur- 
ing the same interval. 
Arithmetic Apparent Power of a Polyphase Circuit. The arithmetic 
apparent power at the points of entry of a polyphase circuit, is equal 
to the arithmetic sum of the products obtained by multiplying the 
effective current at each point of entry by the effective potential 
difference between that point of entry and the neutral point of entry 
or, if one does not exist, an artificial neutral, the potential of which is 
established by joining it to each of the line points of entry by a set 
of equal resistances. The unit of arithmetic apparent power is the 
voltampere. 
Algebraic Apparent Power of a Polyphase Circuit. The algebraic 
apparent power at the points of entry of a polyphase circuit is the 
algebraic sum of the products obtained by multiplying the effective 
current at each point of entry by the effective potential difference 
between that point of entry and an artificial neutral, the potential of 
which is established by joining it to each point of entry by a resist- 
- ance that has a value (positive or negative) such that the ratio of 
the effective current in a resistance to the current in the point of 
entry to which it is connected, is the same for each of the resistances. 
The unit of algebraic apparent power is the voltampere. 
Limiting Apparent Power of a Poiyphase Circuit. Limiting ap- 
parent power of a polyphase circuit at the points of entry at which it 
is intended that the currents and potential differences shall form sym- 
metrical sets, is equal to the result obtained by multiplying the larg- 
est effective value of current in any line conductor, by the largest 
effective value of potential difference between any 2 adjacent line 
conductors, and by the number of line conductors, and dividing this 
product by twice the sine of 1/2 of the characteristic angular phase 
difference of the symmetrical set of potential differences. The unit 
of limiting apparent power is the voltampere. 
Distortion Power of a Polyphase Circuit. Distortion power at the 
points of entry of a polyphase circuit is equal to the sum of the dis- 
tortion powers of the group of single-phase circuits into which the 
polyphase circuit may be considered to be divided. A convenient 
method of division is to choose an origin from which to measure the 
potentials of the points of entry, and to consider the single-phase 
circuit corresponding to each point of entry as having the current 
in the conductor at the points of entry and the potential difference 
between the point of entry and the origin. The value of distortion 
power depends on the choice of origin as well as on the circuit. 
The unit of distortion power is the distortion voltampere. 
Mesh Power of a Polyphase Circuit. Mesh power at the points of 
entry of a polyphase circuit is equal to the square root of the result 
obtained by subtracting from the square of the apparent power, the 
sum of the squares of the vector power and the distortion power; 
the same origin being chosen for measuring potentials in determining 
distortion power as in determining apparent power. It follows that 
mesh power must be designated as arithmetic or algebraic corre- 
sponding to arithmetic or algebraic apparent power. The unit of 
mesh power is the mesh voltampere. 
Fictitious Power of a Polyphase Circuit. Fictitious power at the 
points of entry of a polyphase circuit is the square root of the differ- 
ence of the squares of the apparent power and the active power. It 
follows that fictitious power must be designated as arithmetic or 
algebraic corresponding to arithmetic or algebraic apparent power. 
The unit of fictitious power is the fictitious voltampere. 
Power Factor. Power factor is the ratio of active power to apparent 
power. It follows that the power factor of a polyphase circuit must 
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be designated as arithmetic or algebraic to indicate whether arith 
metic or algebraic apparent power is used in the denominator. 
Vector Power Factor. Vector power factor is the ratio of the activ 
power to the vector power. 

Reactive Factor. Reactive factor is the ratio of reactive power t« 
apparent power. It follows that the reactive factor of a polyphase 
circuit must be designated as arithmetic or algebraic to indicat 
whether arithmetic or algebraic apparent power is used in ths 
denominator. 
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Instantaneous Overcurrent 


Relays for Distance Relaying 


Instantaneous isolation of faults on trans- 
mission and distribution lines is ever a 
problem of the relay engineer. The use of 
instantaneous overcurrent relays as applied 
to the system of the Oklahoma Gas and 
Electric Company is discussed in this paper. 
Relays of this type were applied in con- 
junction with already installed overcurrent 
time delay relays, giving a form of distance 
relay protection. Operating results have 
proved the scheme to be highly satisfac- 
tory. Economies realized in the better 
coordination between relays and fuses by 
using instantaneous relays also are dis- 
cussed briefly. 
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Ts rapid isolation of faults or 
transmission and distribution lines today is more ¢ 
problem of economics than a problem of relay design 
High speed relays of various types, suitable for many 
applications, are available. A particular scheme ot 
relay protection worked out for the system of the 
Oklahoma Gas and Electric Company, is describec 
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in this paper. This scheme consists essentially of 
the addition of an instantaneous overcurrent element 
which in most cases was mounted inside the case of 
the regular directional and nondirectional over- 
current time delay relays already in use. This 
scheme provides what is essentially distance relaying, 
and has greatly simplified problems of relay co- 
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made of each line with the different combinations of 
generating capacity, and the data plotted as “‘fault 
current per mile of line’ curves. It was practical 
to make the great number of calculations necessary 
for this study by the use of a fixed resistor d-c sym- 
metrical component calculating board,! on which the 
entire system is set up as a permanent unit arranged 
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Fig. 1. A typical section of the system of the Oklahoma Gas and Electric Company 


ordination. The time required for the isolation of 
faults has been greatly reduced and generally satis- 
factory operation has been secured at a compara- 
tively low cost. 


TRANSMISSION SYSTEM STUDIED 


Considerable study has been given the Oklahoma 
Gas and Electric Company’s transmission system, 
particularly to relay sections where high overcurrent 
relay settings were threatening system stability. 
The time of relaying some faults has been as high as 
2 seconds due to the necessity of backing up other 
relays on long transmission line loops and generating 
station tie lines having a large number of sectional- 
izing stations. Figure 1 is a sketch showing a por- 
tion of the 66 kv transmission system and indicating 
the type of relay equipment used. (This sketch also 
shows the application of instantaneous overcurrent 
relays as finally decided upon.) Long sections of 
line only were involved in this study, as all short 
lines are protected either by balanced relays or pilot 
wire relays. 

The important problem of relaying lines at the 
generating plants received first attention as the relay 
settings at these points must necessarily be high. 
Comprehensive fault studies, which included 3- 
phase, line-to-line, and line-to-ground faults were 
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for readily obtaining fault current values for any 
condition of system operation. Figure 2 shows fault 
current values per mile of line from Horseshoe Lake 
generating station to the Drumright substation, a 
distance of 45 miles. These curves are plotted for 
the 3 combinations of generating capacity which 
obtain at this station. 


RELAY SCHEMES CONSIDERED 


To obtain the objective of faster relaying it was 
necessary to consider high speed relays. A study of 
the fauit current curves in figure 2 shows consider- 
able variation in fault current values. For this 
condition a relay such as’ the ordinary type of dis- 
tance relay that should clear a definite section of the 
line regardless of the value of fault current, would be 
desirable. Instantaneous overcurrent relays (relays 
without any time delay purposely introduced) alone 
could only relay a certain distance of the line if the 
generating capacity did not change appreciably. 
For any definite setting of these relays a certain 
section of the line could be reiayed instantaneously, 
but if the generating capacity increased or de- 
creased considerably, then they would either relay 
too much of the line with the possibility of over- 
reaching into the adjacent relay section, or in the 


1. For all numbered references, see list at end of paper. 
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latter case, relay a smaller portion of the line than 
desired. 

Consideration of the various makes of distance 
relays indicated that while relays of the distance type 
would give instantaneous operation for a certain 
distance of the line only, the balance of the line must 
still be relayed by the time delay method to obtain 
back-up protection for the adjacent relay section. 
Relays of the distance type had desirable character- 
istics but immediately apparent was the relative high 
cost with the attendant cost of rearranging and re- 
building the present switchboard panels. In addi- 
tion to this, a considerable amount of time of highly 
trained personnel for testing, maintenance, and 
setting of the relays would be required. This would 
probably result in an increase in the number of relay 
test men required. Some of the relays under con- 
sideration were a formidable array of springs, con- 
tacts, and levers, much too complicated for ready 
maintenance, which, undoubtedly, would entail con- 
siderable trouble and expense. 

Application of instantaneous overcurrent relays in 
conjunction with present overcurrent time delay 
relays was finally decided upon, as the generating 
capacity under normal conditions did not vary 
greatly enough to prevent their application. By 
using this method, faults are isolated within '/; 
second, which is comparable to any method of high 
speed relaying. This application was later justified 
by actual experience. The time of the regular over- 
current relays was materially reduced without de- 
creasing the selectivity in any way, as these relays 
then become effective only for the last 15 per cent or 
20 per cent of the line. This is possible because time 
delay selectivity is not necessary for faults near the 
sectionalizing circuit breakers and within the protec- 
tive zone of the instantaneous relays. 


INSTALLATION OF THE DEVICE 


In order to make the installation of the instan- 
taneous relays as economical as possible, a unit was 
selected that could be mounted inside the case of the 
regular directional and non-directional overcurrent 
time delay relays. When used with directional 
relays the device is connected with its trip circuit in 
series with the directional contacts to insure correct 
operation in the right direction. Operation indi- 
cators were provided for each phase relay and the 
relay elements connected in such a manner that the 
operator would know immediately whether the time 
delay or instantaneous element had operated. By 
these means accurate records of relay operations are 
obtainable. A constant check of instantaneous 
operations is of particular importance as it is neces- 
sary to know whether the settings are correct for 
actual operating conditions. 


OPERATING RESULTS 


From July 1933 to December 1934, the Horse- 
shoe Lake-Drumright line tripped 22 times. The 
instantaneous relays operated 18 times, or 81.8 per 
cent of the relay operations. Selecting other lines 
at random, one line had a total of 19 operations, all 
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of which were correct and tripped by instantaneous 
relays, and another line had a total of 54 operations, 
of which 57.4 per cent were by instantaneous relays. 
To date 43 circuit breakers have been equipped with 
these relays and no incorrect operations due to over- 
reaching into the adjacent relay section have oc- 
curred. 

On account of the necessarily high current settings 
which are required on these instantaneous over- 
current relays, there is no danger of their operation 
on system surges or oscillations. No operations of 
these devices under such conditions have been 
experienced. The conventional distance relays may, 
under certain conditions, trip their circuit breakers 
on the occurrence of system oscillations.’ 

Figure 3 shows a family of typical time-distance 
relay curves and instantaneous relay settings for 3 
relay sections. By inspection of these curves the 
effectiveness of the instantaneous relays is readily 
apparent. 

In a few cases the instantaneous relays are used to 
relay the entire length of the line for any value of 
fault current. For example, one 66 kv transmission 
line originates at a generating station, and the end of 
the relay section terminates in a transformer bank, 
then continues on at another voltage to an adjacent 
relay section. The impedance of the transformer 
bank introduces a relatively high impedance in the 
line. Obviously, the fault current from the gener- 
ating station decreases abruptly at the transformer 
bank, which makes it possible to relay all faults up 
to the transformer bank instantaneously. The time 


Fig. 2. Range required of 
instantaneous relays, with the 
various generating capacities 
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of the regular overcurrent relays can then be de- 
creased materially and used only as back-up protec- 
tion for the next relay section. 


UsE ON Low VOLTAGE LINES 
The instantaneous relays have also been success- 


fully adapted to distribution lines as low as 4 kv. 
Economies are realized from better codrdination 
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between fuses located on the high voltage side of the 
transformer bank and relays of circuit breakers on 
the low voltage side. These relays permit quick 


tripping of the low-voltage circuit breaker with 


faults close to the transformer, and further provide 


better coérdination between time delay relays, line 


sectionalizing fuses in the distribution line, and fuses 
of small transformer banks connected to the line at 
various points. 

In order to establish instantaneous relay settings 
definitely, curves of fault current per mile of line, fuse 
and relay time-current characteristics are plotted upon 
the same codrdinates to give a composite picture of 


the entire codrdination problem. The time and 


trouble to prepare these data were repaid through 
fewer incorrect fuse operations. 

Figure 4 will illustrate the point more clearly. In 
this case, without the use of instantaneous over- 
current relays, the time delay relay settings had to be 
raised sufficiently to allow a line sectionalizing fuse to 
clear. This then would allow the high voltage fuse 
to blow first on faults within a certain distance from 
the low-voltage circuit breaker, obviously an in- 
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Fig. 3. Typical curves showing relationship between 

fault current and location of fault, and time-distance 

curves of instantaneous and time-delay overcurrent 

relays which are arranged to trip for power flow to a 
fault in the direction from station A to D 


correct operation, with the loss of a costly high 
voltage fuse, and a prolonged outage due to the fuse 
blowing. There were only 2 alternatives available to 
remedy such a condition; either the size of the high 
voltage fuse had to be increased, or some means had 
to be provided to trip the circuit breaker more 
quickly. Since the high voltage fuse was of the 
correct size to protect the transformer properly, the 
instantaneous relays were installed and set to trip the 
breaker immediately with faults far enough out on 
the line to a point where the high voltage fuse could 
be codrdinated properly with the time delay relays. 
It is apparent from the foregoing that such coérdina- 
tion will save fuses and also decrease circuit outages 
since the greater percentage of faults are of transient 
nature which will permit reclosing the circuit breaker 
immediately. 

Instantaneous relays are also used in connection 
with bus fault relays. The instantaneous relays trip 
immediately when bus faults occur and the regular 
time delay relays act as back-up protection for the 
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low-voltage circuit breakers. This not only shortens 
the duration of a system disturbance, but lessens the 
damage to equipment. 


SUMMARY 


The use of instantaneous overcurrent relays on the 
Oklahoma Gas and Electric Company system has 
grown rapidly and problems of relay coordination, 


FAULT CURRENT 


° DISTANCE | 
Fig. 4. Be: curves showing eae Betvcen, 
fault current and location of fault, and time-distance 
curves of instantaneous and finedelag overcurrent 
relays and fuses 


although numerous, have been greatly simplified. 
These relays are now applied throughout the trans- 
mission and distribution system in connection with 
the present time delay relays and fuses. However, 
it would not have been practical to adapt these 
relays to the system unless a short-circuit calculating 
board was at all times available, as their proper 
operation depends upon an accurate knowledge of 
short-circuit current values under all conditions. 

In conclusion, instantaneous relays have ma- 
terially improved system stability, prevented long 
low-voltage dips, the loss of large blocks of load dur- 
ing fault conditions, and have improved utility 
service to the customer. The relatively small invest- 
ment in these relays has been justified. They have 
also made possible the discontinuance of several 
pilot wire relay systems?’ operating over leased wire 
telephone lines at a saving of approximately $3,400 
per year for the 193.5 miles of leased wire circuits 
which were used. 
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Calculation of Power 
Flow and Bus Voltages 


The method for calculation of power flow 
and bus voltages in a-c networks described 
in this paper is based upon Kirchhoff’s laws, 
and is novel mainly in that the power 
losses are lumped at the network terminals 
in determining power flow. The effect of 
circuit shunt capacitance is included. Prob- 
lems in which the ratio of resistance to reac- 
tance in all branches is constant, and also 
problems in which this ratio is not constant 
are considered. The method can be ap- 
plied to any a-c network. 


By 
H. B. SMITH 


ASSOCIATE A.1.E.E. 


Buffalo, Niagara and Eastern 
Power Corp., Buffalo, N. Y. 


I. developing the lumped loss method 
described herein for the calculation of power flow and 
bus voltages in a-c networks, the aim was to set up 
some definite plan of procedure by which one might 
solve analytically any a-c network (transmission, 
distribution, etc.) for power flow and bus voltages. 
It was desired that the accuracy of results obtain- 
able be comparable with that obtainable on an a-c 
calculating board, and that the cost of making the 
analytical solution be less than the cost of obtaining a 
solution on the a-c calculating board. In the former 
case, the cost would be entirely labor cost, while in 
the latter it would also include either rental charges 
or carrying charges on an a-c calculating board. 

It should be understood that the method pre- 
sented herein is not supposed to be a “‘short hand”’ 
method. In a complicated network the labor in- 
volved will be considerable. However, it is felt that 
one might as well face the facts in that the solution 
of a complicated network by any method (including 
the method using the a-c board) must necessarily 
involve considerable labor. 

The networks to be dealt with may be considered 
to fall into 2 general classes: Those in which all 
circuits or branches involved have, or may be as- 
sumed to have, the same ratio of resistance to induc- 
tive reactance; and those in which the circuits or 
branches have different ratios of resistance to induc- 
tive reactance. Accordingly, the method of solu- 
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tion described in the following will be divided into: 


Case I. Branches have the same ratio of resistance to inductive 
reactance. 
Case IT. 
reactance. 
Charging current of the circuits involved will be 
taken into account. 

In order to apply this method of solution to a 
particular network the following information must 
be at hand: 


Inputs and outputs of the network. 
Nominal voltage. 

Circuit data, etc. 

Operating voltage for some one bus point. 


Branches have different ratios of resistance to inductive 


GENERAL METHOD OF PROCEDURE 


Suppose the current values of all the inputs and 
outputs in a network are known. It can be shown 
that the correct flow of current in the different 
branches may be obtained by applying the principle 
of superposition? as follows: 

Let each of the current inputs and outputs be re- 
solved into 2 components, one component being in 
phase with some reference vector, and the other 
component being in quadrature with the same 
reference vector. . 

Considering only the “in-phase”? components of 
current, solve for current flow in the branches of 
the network by means of Kirchhoff’s laws. Similarly, 
considering only the ‘‘quadrature’’ components of 
current, solve for current flow in the branches of 
the network. For any branch of the network, then, 
the total current flow will be given by the sum of the 
corresponding “in-phase” and ‘quadrature’ com- 
ponents. 

In the case where all branches of the network have 
the same ratio of resistance to inductive reactance, it 
is not necessary to use the complex value of the 
impedances of the branches in calculating the current 
flow. Instead, simply resistance, reactance, or 
impedance magnitude may be used. Besides reduc- 
ing the labor necessary in an analytical solution, 
this simplification permits the determination of 
current flow by means of a d-c calculating board, 
when one is available. 

Thus having determined total current flow in the 
branches of the network, and knowing the voltage at 
any one bus point, the voltages at all other bus points 
can be calculated. 

If, however, the inputs and outputs for the network 
are given in real power units and reactive power 
units,* such as kilowatts (kw) and reactive kilovolt- 
amperes (rkva), and the voltage is known at only 
one bus point, then some voltage must be assumed 
for all other bus points before current values for the 
network inputs and outputs can be determined. 
Voltage assumptions must be governed by the fact 
that total current input must always equal total 
current output. Generally, in the original data, 


ponmonghons the rest of this paper the following nomenclature and units will 
e used: 

“Real power” or simply ‘‘power’—kilowatts 

“Reactive power’’—reactive kilovoltamperes 

“Total power”’—kilovoltamperes 
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total kilowatt and reactive kilovoltampere input is 
given equal to total kilowatt and reactive kilovolt- 


ampere output, and directions are given for the 


allocation of the supply of losses. Before the supply 


_ of losses can be allocated, however, the value of the 


losses themselves must be determined. The follow- 
ing will show how the losses may be determined 
(approximately) and their effect included: 

In the first place, the total loss in a circuit is made 
up of the following components: 


Real Power Loss 


Due to series resistance (Pz) 

Due to shunt resistance (Leakage) 
Reactive Power Loss 

Inductive reactive power loss, due to series inductance (Qz) 


(Q.) 


Series Resistance Power Loss. This component is 
determined simply by multiplying the series resist- 
ance R of the circuit by the square of the total cur- 
rent flowing through the circuit. It may be called 
“circuit power loss,’’ P,. 

Shunt Resistance Power Loss (leakage). 


Capacitive reactive power loss, due to shunt capacitance 


This 


| component is negligible in practically all problems. 


Series Inductance Reactive Power Loss. Deter- 
mined by multiplying the series inductive reactance 
Xz, of the circuit by the square of the total current 
flowing through the circuit. This may be called 
“circuit inductive reactive power loss,”’ Q,. 

Shunt Capacitance Reactive Power Loss. Deter- 
mined by multiplying the shunt capacitive suscept- 
ance by the square of the voltage across the circuit. 


This may be called ‘‘circuit capacitive reactive 


power loss,’ Q,, or simply ‘‘charging reactive 
kilovoltamperes.”’ 

The kilowatt input to the circuit will differ from 
the kilowatt output by the amount P,. 

Q,, of course, is ‘‘lagging’’ reactive power, while 
Q, is “‘leading’’ reactive power. If leading reactive 
power is represented by ‘“‘++rkva”’ and lagging reactive 
power by ‘‘“—rkva,”’ then the reactive kilovoitampere 
input to the circuit will differ from the reactive 
kilovoltampere output by an amount equal to the 
algebraic sum of Q, and Q,. Then, P,, Q,, and Q., 
are real and reactive loads which are distributed over 
the length of the circuit. In calculating the real and 
reactive power flow in a network, the effect of P,, 
Q,, and Q, for any branch is approximated if 1/. P,, 
1/,Q,, and !/, Q, is lumped at each end of the branch. 
(See Appendix A.) 

In order to determine P,, Q,, and Q, for any cir- 
cuit, the current through the circuit and the volt- 
age across the circuit must be known. As pre- 
viously stated, the voltage is given for only one bus 
point, and voltages must be assumed for all other 
bus points. Having done this, charging reactive 
kilovoltamperes Q, can be calculated and lumped at 
the bus points. The lumped charging rkva can then 
be combined with the actual inputs or outputs at the 
respective bus points. Original reactive kilovolt- 
ampere inputs and outputs must now be revised in 
order to allow for the supply of this charging reactive 
kilovoltamperes. Using the resulting net inputs and 
outputs in kilowatts and reactive kilovoltamperes, 
and the assumed bus voltages, current inputs and 
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outputs can be determined and the network solved 
for current flow. From this current flow solution, 
a first approximation for P, and Q, can be cal- 
culated for each branch in the network. For each 
branch, then, !/. P, and '/2 Q, is lumped at the 2 
terminal bus points. After this is done through- 
out the network, the original local load (including 
charging reactive kilovoltamperes) or generation 
at each bus point may be combined with the total 
“circuit power loss” P, and “circuit reactive power 
loss’’ Q, which has been lumped at that bus point. 
This means that the total output of the network 
(useful load plus losses) is increased. In order to 
make total input and output for the network again 
equal, we must either increase the input figures or 
decrease the figures for useful output. This may be 
done all at one bus point or at several different 
points, according to directions in original data for 
supply of losses. New current flow in the network 
may now be determined (using assumed bus volt- 
ages as before). This process is repeated until the 
loss figures obtained in the last step do not differ too 
much from those in the preceding step. 

From the final current flow in the network and the 
one specified bus voltage, all other bus voltages are 
now calculated. Using these calculated bus voltages, 
new values for current input and output may be ob- 
tained and the solution repeated. Each repetition 
of the solution should give more accurate results. 
In many cases the results from the first solution are 
accurate enough. 


Detailed Method of Procedure for Case | 


Given: 


Inputs and outputs of the network in kilowatts (kw) and reactive 
kilovoltamperes (rkva), nominal voltage, circuit data, etc. Total 
inputs and outputs given equal. 


Voltage specified for some one bus point. 
Names of bus points at which losses are to be supplied. 
Assumptions: 


All circuits in the network have the same ratio of resistance to 
inductive reactance. 


PRELIMINARY PROCEDURE 


Determine the impedance for each branch of the 
network. 

It should be kept in mind that, given the above 
mentioned information, accurate results must neces- 
sarily result from a series of solutions involving 
certain approximations. These approximations be- 
come more accurate in the successive solutions. 
The number of solutions required depends upon the 
accuracy desired in the results. 


First POWER FLOW SOLUTION 


In order to approximate current values at the 
various input and output points of the network, 
assume for the moment that the nominal voltage 
exists at each bus point and all bus voltages are in 
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phase. This assumption permits power or reactive 
power values to be treated as current values. Using 
these kilowatt “current”? values, solve for power 
flow by means of Kirchhoff’s laws. 


CHARGING REACTIVE KILOVOLTAMPERES 


Charging reactive kilovoltamperes Q, for any 
circuit depends upon size of conductors, spacing of 
conductors, and operating voltage. (For this solu- 
tion the voltage is assumed the same over the entire 
length of a circuit.) Charging reactive kilovolt- 
amperes per mile of circuit may be calculated or may 
be read directly from tables.* 

Assuming nominal voltage, determine charging 
reactive kilovoltamperes Q, for each branch in the 
network. For each branch, lump 1/2 Q, at each 
terminal bus point. Combine the total charging 


Table I—First Loss Table 


For 3 Phases (All Circuits) 


Total Resistance 
Branch Load Branch Losses 


and Reactance 


No. Length in Ohms TT 
Network of in —— En P Q Pz AS 
Branch Circ. Miles R x Ky Kw Rkva Kw Rkva 
A-B 3 33 3.06 9.0 110 58,000 4,000 850 — 2,500 


reactive kilovoltamperes lumped at each bus with 
the actual reactive kilovoltampere input or output. 
Revise the input or output figures at the bus points 
at which losses are to be supplied, so that total re- 
active power input again equals total reactive power 
output. 


First REACTIVE POWER FLOW SOLUTION 


As before, assume all bus voltages to be in phase 
and equal to nominal voltage. Treating the reactive 
power values as “current” values, solve for reactive 
power flow by means of Kirchhoff’s laws. 


P, AND Q, FOR First POWER AND 
REACTIVE POWER FLOW SOLUTIONS 


For each branch of the network calculate the power 
loss P, and inductive reactive power loss Q, due to 
the flow of power P and reactive power Q through 
the branch. Assume nominal line to line voltage EF, 
in these calculations. For 3-phase circuits the 
following equations apply: 


R : 
P, = (P? + Q?) 1000E:, kilowatts (3-phase) (1) 
oy L002, : : : 
QO, = (P? + 0?) = ae inductive reactive kilovoltampere . (2) 
L (3-phase) 


In eqs 1 and 2, R and X, are in ohms to neutral, 
£,, is in kilovolts from line to line, and P and Q are 
in 3-phase kilowatts and reactive kilovoltamperes, 
respectively. 

Since there may be any number of branches in the 
network, it will be convenient to tabulate all the 
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different quantities used in determining P, and Q, 
as in Table I. 

For each branch, lump 1/2 P, and '/2 Q, at each 
terminal bus point. Revise all the original input 
and output figures to include the additional bus 
loads due to P, and Q,. Revise the input or output 
figures at the bus points at which losses are to be 
supplied, so that, after P, and Q, have been in- 
cluded, total input again equals total output. 


SECOND POWER AND 
REACTIVE POWER FLOW SOLUTIONS 


Using the new input and output figures for the 
network, solve again for power flow and reactive 
power flow. Nominal voltage assumed for all bus 
points as before. 


P, AND Q,; FOR SECOND POWER 
AND REACTIVE POWER FLOW SOLUTIONS 


Draw up the ‘‘second loss table” using the figures 
from the second power and reactive power flow solu- . 
tions. Nominal voltage assumed for all the bus 
points as before. 


a-LINE TOTAL POWER FLOW DIAGRAM 


In calculating voltage drops in the different 
branches of the network, charging reactive kilovolt- 
amperes may be left lumped at the bus points, but 
circuit power and reactive power loss must be dis- 
tributed over the length of each branch—nominal 1- 
line voltage calculations. Therefore, if additional 
power and reactive power flow solutions appear un- 
necessary, the next step is to take the power and 
reactive power loss quantities off of the different 
busses and redistribute them over each branch. 
The resulting total power flow figures may be con- 
sidered to represent “‘r-line total power flow.”’ This 
m-line total power flow is obtained by means of the 
first “loss table’? and the second power and reactive 
power flow diagrams. In each branch of the net- 
work the sending end and receiving end kilovolt- 
amperes should differ by an amount equal to P, and 
Q,. Following is an illustration: 

Consider a branch A-B (A and B being the desig- 
nation for the 2 terminal busses). Refer to Table I. 
Assume the second power flow solution gave a flow of 
57,500 kw from A to B. Then B is the receiving end 
for branch A-B. Assume the second reactive power 
flow solution gave a flow of 4,800 leading rkva 
(+74,800) from Bto A. This is the same as 4,800 
lagging rkva (—74,800) from A to B. From Table I, 
P, = 850 kw and QO, = —2,500 rkva. 


Then 
; 850 
sending end real power = 57,500 + Tes 57,925 kw 
d P — 2,500 
sending end reactive power = —4,800 + T cones — 6,050 rkva 
Ae 850 
receiving end real power = 57,500 — on 57,075 kw 
receiving end reactive power = —4,800 — ee = —3,550 rkva 
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In case more than 2 power and reactive power flow 
{ ' a 
‘solutions are made, the total power flow diagram 
should be obtained from the last power and reactive 
power flow diagrams and the “‘loss table” correspond- 
ing to the next to last power and reactive power flow 
diagrams. 


First VOLTAGE CALCULATION 


In order to calculate bus voltages, there must be a 
starting point or “reference point.’’ This starting 
point will be the bus for which the voltage was 
specified, and the phase angle of the voltage at this 
point will be zero (reference voltage). Using this 
reference voltage, and the values of sending or re- 
ceiving end kilovoltamperes in the branches ter- 
minating at this bus point, the magnitudes and phase 
angles of the voltages at adjacent bus points can be 
determined. Similarly, using these newly deter- 
mined voltages, the voltages at other bus points can 
be calculated. 

In calculating the voltages on the busses in any loop 
of a network, calculations should be made all around 
the loop and back to the starting point. If this last 
voltage determined is not the same, both in magni- 
tude and angle, as the voltage started with, the loop 
does not “‘close.’’ Of course, for most purposes, the 
loop does not have to close exactly. Judgment must 
be used in deciding how great a differential voltage 
can be tolerated. Failure of a loop to ‘‘close’’ may 
be due to errors in calculations, or the fact that the 
ratio of circuit resistance to circuit inductive react- 
ance is not the same throughout the network. If 
the difference is too great, and there is no error in any 
of the calculations, power flow or reactive flow or both 
should be shifted in such a way as to remedy the 
situation. The necessary shift in power or reactive 
power flow may be approximated as being the 
kilovoltamperes corresponding to the current ob- 
tained by dividing the differential voltage by the 
total impedance of the path around the loop. (This 
principle of superimposing circulating currents has 
also been used in references 5 and 6.) Of course, 
both the differential voltage and the impedance must 
be used in their complex form. 


SUCCESSIVE SOLUTIONS 


After the bus voltages have been obtained in the 
above manner, the input and output figures (kilowatts 
and reactive kilovoltamperes) in the 7z-line total 
power flow diagram may be converted into current 
values (magnitude and angle). The phase angles of 
these currents, of course, will all be referred to the 
voltage reference vector. All the current inputs and 
outputs must now be resolved into 2 components, 
one component in phase with the reference vector 
(in-phase current), and one component in quadra- 
ture with the reference vector (quadrature current). 
The total ‘in-phase’ current inputs must equal 
the total “in-phase” current outputs. Likewise the 
total “quadrature” current inputs must equal the 
total “quadrature” current outputs. If these condi- 
tions do not already exist, they must be obtained by 
adjusting the currents at the busses which are supplying 
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the losses. This last is done based upon the as- 


‘sumption that power and reactive power input (or 


output) is directly proportional to in-phase and 
quadrature current input (or output) respectively. 
This, of course, is not strictly correct, but is near 
enough so for this purpose. 

Having made total current input equal total 
current output, separate solutions of the network are 
then made for in-phase current flow and for quadra- 
ture current flow. These solutions are made in the 
same manner the power flow and reactive power flow 
solutions were made. Using the resulting in-phase 
and quadrature current flow diagrams and the one 
specified bus voltage, all other bus voltages are again 
calculated. (Second voltage calculation.) 

At each bus point, convert current input or output 
into power and reactive power input or output, using 
the bus voltage obtained from the second voltage 
calculation. These power and reactive power input 
or output figures should agree with those given in the 
original data for each bus point, except the ones at 
which losses were to be supplied. Total input and 
total output should differ by an amount equal to the 
total losses in the network. 

If the above conditions do not exist, again convert . 
the input and output figures in the z-line total power 
flow diagram into current values (use the voltages 
obtained in the second voltage calculation). As be- 
fore, the total current input must be made equal to 
total current output. Solve again for current flow 
and calculate new bus voltages (third voltage calcu- 
lation). Convert current inputs and outputs into 
power and reactive power input or output, and com- 
pare with the input and output figures in the 
original data as before. 

The number of successive solutions necessary de- 
pends upon the accuracy required. In many cases, 
the results represented by the z-line total power flow 
diagram and the first voltage calculation will be 
sufficiently accurate. 


Detailed Method of Procedure for Case Il 


In the case where the network is made up of 
branches not having the same ratio of resistance to in- 
ductive reactance, current division will be inversely 
proportional, mot to the magnitude of the imped- 
ance, but to the complex value of the impedance. It 
follows, then, that the d-c calculating board cannot 
be used as in Case I. Also, since complex values of 
impedance must be used, little or nothing would be 
gained in making separate solutions for “‘in-phase’’ 
and “‘quadrature’”’ currents as was done in Case I. 
Current division in the network must be obtained 
either analytically (using Kirchhoff’s laws) or by 
means of the a-c calculating board. 

Following is the method of procedure for Case II. 
The reader will find some repetition of statements 
made under Case I. This was done to avoid the 
possibility of misunderstanding, and to make the 
procedure for each case complete in itself. 


Given: 


Inputs and outputs of the network in kilowatts and reactive kilo- 
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voltamperes, nominal voltage, circuit data, etc. Total inputs and 
outputs given equal 
Voltage specified for some one bus point. 


Names of bus points at which losses are to be supplied. 


PRELIMINARY PROCEDURE 


Determine the impedances of each branch. 


CHARGING REACTIVE KILOVOLTAMPERES 


Assuming nominal voltage, determine charging 
reactive kilovoltamperes Q, for each branch, as was 
donein CaseI. For each branch, lump !/2 Q, at each 
terminal bus point. Combine the total charging 
reactive kilovoltamperes lumped at each bus with the 
actual reactive power input or output. Revise the 
input or output figures at the bus points at which 
losses are to be supplied, so that total reactive power 
input again equals total reactive power output. 


First TOTAL POWER FLOW SOLUTION 


Assume nominal voltage exists at each bus point 
and all bus voltages are in phase. This assumption 
permits total power input or output values to be 
treated as current values. Using these kilovolt- 
ampere ‘‘current’’ values, solve for total power flow 
analytically, using Kirchhoff’s laws. Total power 
and impedance values must be used in their complex 
form. This means the solution of simultaneous 
equations involving complex numbers. The solution 
of these equations may be obtained in the conven- 
tional manner; however, it is felt that determin- 
ants can be used to advantage in this instance. 


P, AND Q, FoR First 
TOTAL POWER FLOW SOLUTION 


Calculate power loss as was done in Case I, using 
eqs 1 and 2, and draw up the “‘first loss table.” 

For each branch, lump '/, P, and !/, Q, at each 
terminal bus point. Revise all the original input and 
output figures to include the additional bus loads due 
to P, and Q,. Revise the input or output figures at 
the bus points at which losses are to be supplied, so 
that, after P, and Q, have been included, total 
input again equals total output. 


SECOND ToTaL POWER FLow SOLUTION 
Using the new input and output figures for the 
network, solve again for total power flow. Nominal 


voltage is assumed for all bus points as before. 


P, AND Q, FOR SECOND 
TOTAL POWER FLOW SOLUTION 


Draw up the “second loss table,’’ using the 
figures from the second total power flow solution. 


a-LINE TOTAL POWER FLOW DIAGRAM 


Total power flow solutions and loss calculations 
are repeated until the loss figures obtained in the last 
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step do not differ too much from those in the pre- 
ceding step. When additional total power flow solu- 
tions appear unnecessary, the next step 1s to take the 
power and reactive power loss quantities off of the 
different busses and redistribute them over each 
branch. The resulting total power flow figures may 
be considered to represent ‘‘7-line total power flow.” 
This x-line total power flow is obtained by means of the 
last total power flow diagram and the line losses cor- 
responding to the next to last total power flow diagram. 
In each branch of the network the sending end and 
receiving end kilovoltamperes should differ by an 
amount equal to P, and Q, for that branch. See 
the illustration given in Case I. 


First VOLTAGE CALCULATION 


As in Case I, the voltage calculations will be 
started from the bus for which the voltage was 
specified, and the phase angle of the voltage at this 
point will be zero (reference voltage). See “‘first 
voltage calculation” in Case I. 


SUCCESSIVE SOLUTIONS 


Having obtained all bus voltages, the input and 
output figures (in kilovoltamperes) in the 7-line total 
power flow diagram should be converted into current 
values (magnitude and angle). The phase angles of 
these currents will all be referred to the voltage refer- 
ence vector. Next, convert the current inputs and 
outputs from polar to complex form (‘‘in-phase’’ and 
“quadrature”? components). Total “in-phase” cur- 
rent inputs should equal total ‘in-phase’ current 
outputs. Likewise, total “quadrature” current in- 
puts and outputs should be equal. If these condi- 
tions do not already exist, they must be obtained by 
adjusting the currents at the busses which are supplying 
the losses. 

Having made total current input equal to total 
current output, a new solution for current flow in the 
network is made. Using the values of current flow 
thus determined and the one specified bus voltage, 
all other bus voltages are again calculated (second 
voltage calculation). 

At each bus point, convert current input or output 
into power and reactive power input or output, using 
the bus voltage obtained from the second voltage 
calculation. These power and reactive power input 
or output figures should agree with those given in the 
original data for each bus point, except the ones at 
which losses were to be supplied. Total input and 
total output should differ by an amount equal to the 
losses in the network. 

As in Case I, the number of successive solutions 
necessary depends upon the accuracy required. In 
many cases, the results represented by the 7z-line 
total power flow diagram and the first voltage 
calculation will be sufficiently accurate. 


GENERAL NOTES 
If enough is known about the network involved 


that an estimate can be made of the average value of 
the operating voltages of all bus points, this value 
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, should be substituted for nominal voltage wherever 


the latter is used in the foregoing. 

Whenever possible, problems should be solved by 
the method under Case I, since the amount of work 
involved will usually be less, and the chances of 
making errors will be smaller. No hard and fast 
rules can be set down as to how great a variation in 
the ratio of resistance to reactance can be tolerated 
under Case I. This will depend upon the network 
involved and the accuracy required in the results. 
In general, it might be stated that if the highest 


value of =; is not more than 10 per cent greater than 


KR 
xX 
R 
the lowest value of = y 
results, Case I may be used. If only rough accuracy 
in results is desired, the difference between maximum 


and if fair accuracy is desired in 


and minimum values of may be 20 per cent. 


R 
x 
The above figures are given only as a rough guide; 
after having had some experience in solving probiems, 
one should be able to set down his own tolerances, 
based on his own ideas of what would be called 
“accurate,” ‘fairly accurate,”’ or “‘rough’”’ results. 

This method has been applied to existing trans- 
mission networks. Results obtained are considered 
to be at least as accurate as those obtainable on an a-c 
calculating board. 


Whether or not this method will be cheaper than 
the a-c board method, will depend upon the network 
considered and the number of different conditions to 
be studied, besides such factors as cost of using the 
a-c board, traveling expenses, wages, etc. In 
general, it appears that the a-c board method will be 
cheaper only when several different conditions are 
to be studied in a complicated network. 

In Appendix B is shown a sample problem to 
which this method has been applied. 


Appendix A 


The following is given in case there is some question as to the 
validity of the method of lumping losses in determining power flow. 

Perhaps the easiest way to justify this procedure, without going 
into too much detail, is to point out the similarity between the flow 
of current through the distributed shunt capacitance along a circuit, 
and the consumption of power (real and reactive) in the distributed 
series resistance and inductive reactance along the circuit: 

Neglecting leakage, the receiving end current of any circuit will 
be less than the sending end current by an amount equal to the 
“charging” current (current flowing through the distributed shunt 
capacitance). This charging current can then be considered as 
lost current—‘‘current loss,’’ Similarly the receiving end total 
power will be less than the sending end total power by an amount 
equal to the power losses in the circuit (J?R and [2X). 

Assuming uniform voltage along the full length of the circuit, a 
plot of the current at any point in the circuit will be a straight line. 
Similarly, assuming uniform current along the full length of the 
circuit, a plot of the power (real and reactive) at any point will be 
a straight line. 

Therefore, just as current loss (charging current) may be lumped 
one-half at each end of the circuits in a network in determining 
current flow, similarly, power losses may be lumped one-half at 
each end of the circuits in a network in determining power flow. 

Assuming a case where actual operating data is available for loads 
and generation and for power losses in each branch of a network, 
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and where charging current is lumped at the bus points, the process 
of lumping losses in determining power flow would be exact. How- 
ever, in the problems which are intended to be handled by the method 
given in this paper, actual operating data would not be given. 
Instead, load and generation figures would be the result of estimates, 
and loss figures would not be given at all. As previously stated, the 
total of the load figures is usually given equal to the total of the 
generation figures. Hence, since the losses themselves have to be 
approximated, the power flow solutions which are determined from 
the results of these approximations must also be approximations. 
The errors decrease as the solution is repeated. In the calculation 
of power losses from power flow, the average of sending end and 
receiving end power is used (and nominal voltage is assumed). 
This procedure is accurate enough for the purpose. 


Appendix B 


In the following, a sample problem is solved to illustrate the 


method. For convenience “‘mega-’’ units are used. ‘‘Mega-” units 
equal “‘kilo-” units divided by 1,000. 
GIVEN: Power transmission line network shown in Fig. 1. (Sixty 
cycles, 3 phase.) 
Generation 
Reactive 

Bus Point Megawatts Megavoltamperes 

i es Peeper a sotnt SG! Ji PON LA AAS 5.7 leading 

YAN ee RR he ull Dae (le NOY nae EA ata Se 76.5 leading 

Ten TORRE otek a cic 3.5 lagging 

(CHEE, oS SL ne {TER Dre ee et Ne as ee 0.9 leading 
Loads 

IMS So, ee Aes RUMOR SR dees ecg Ad ie 2.1 lagging 

B ORO Swine Series, ans 5.5 leading 

H AOA. Th aera. Big ee 3.5 leading 

Ie 5S Los Oe tei d ein ote ee 0.0 


Synchronous Condensers 
Input to Condensers in 


Bus Point Capacity Reactive Megavoltamperes 

Yates OR anes 2 PRR Ont en 2 ARM Van ae a eae 0.0 

VIE i SS 2— lon OMnVaae re ae eee 0.0 

Pa ee as 3s—30R0tnVal S422 eee 72.7 leading 
Voltage Specifications 
IBUSe ions eae. eae ents Aare VQ Ne idee vd ho Gon 1 BASES EI 
Bussese Ssand lee ee LID=1 20 kwieia54 faa ccs tae a ee ee 
Bussessie (GB and Ae wl Ili kv. ea et oc eee ee 
Bus Pe eat pt Mee. 109113 Ky 5 OL A i 


Assume nominal voltage to be 112 kv. 
Supply of Losses 


Circuit real power losses (megawatts) to be supplied from bus P 
(deducted from the load). 

Circuit reactive power losses (reactive megavoltamperes) to be sup- 
plied from synchronous condensers at busses R, M, and P. 


FInp 


Real and reactive power flow in all branches. 
Voltages at all bus points. (Both magnitude and phase angle.) 
Necessary synchronous condenser settings. 


The problem comes under Case II. 


PROCEDURE 


From the diagram of circuit data, Fig. 1, the values of branch 
impedances and charging reactive megavoltamperes are compiled; 
see Table II. 

The first total power set-up, Fig. 2, may then be drawn, and the 
solution of current values 2, 72, and 73 obtained. This is done by 
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writing the equation for the impedance drops around the 3 loops, 
and simplifying: 


(13.98 + j 46.48)é, — (3.65 + j10.58)é — (3.65 + j10.58)ts 


— 407.6 + 7539.2 = 0.0 (3) 
(3.65 + j 10.58)i, — (17.77 + j66.33)i — (8.49 + j 33.49)¢s 
+ 270.0 + j10,160.0 = 0.0 (4) 


(9.28 + 7 32.85)i2 — (3.2 + j19.55)és + 274.1 — 797.5 = 0.0 (5) 


Solving eqs 3, 4, and 5 by determinants: 
1 = 43.0 —j 4.2 
ty 80.4 + 724.8 
4s = 140.1 + 714.7 
These values may then be inserted in the first total power flow 


diagram, Fig. 3, and the first loss table, Table III, may be compiled. 
New input and output figures for the network can then be deter- 


Table II—Branch Impedances and Charging Reactive Mega- 


voltamperes 
Charging 
Network R Xp Z Rmva 
Branch Ohms Ohms Ohms at 112 Kv 
TRS ieee artnet MOM orm aha aces ARS Re ee ba cy cae 14:91 69 Soon aes 4.35 
(SEM EE ante ces 4° 6425 29 nce Wy (eal 85% ae etre V7. 66/74 U8o 7 aie cae 6.15 
Dom (rr etree nM MLO ch ay-are cies LPL ieee een se) HAWS, cc mie Bieri ge en Ws 
RAG Ete sos OO ieee: acs oe Ver a Aaa Se5 Feo ce. see 2.54 
ME = Gi oe oes ta AO Meee ccs 3a tt See AA ROD OE OC eins ste 0.98 
R-B 2.45 {feces BSR oe Rome Ti OOV MAR Lesher ers 2.36 
IBA ROetehigess Ge BSencce ott DZOm te scents) 6 26 Oncol ee etn 9.25 
(CBicl sh matotor Te OUR atone S205: areas: O26) TS olicetice ree 3.45 
fs EN ee ag DEOS ar tke dine AS 285% sets s TASS / Sy lecmas renee ONE 
REP eye ies - BT ae eee LOR Sees ee eee LOE Se / SON Ce eee ats 17.9 
CULE LRT T devrere Sete s. sha eetuais bere, wick rceaiut ns EE Sysisioidve aiesels is. akene 54.4 


Let total charging reactive megavoltamperes be supplied from bus P. 


mined as shown in Table IV, and the second total power flow set-up, 
Fig. 4, can be drawn. Solutions for new values of 2, 72, and 43, can 
then be obtained from Fig. 4, by writing the equations for the 
impedance drops around the 3 loops, and simplifying, as follows: 


(13.98 + 46.48)i — (3.65 + j10.58)i, — (3.65 + j10.58)i3 
— 232.26 + 7 447.77 = 0.0 (6) 


(3.65 + j10.58)é: — (17.77 + 7 66.33)% — (8.49 + 733.49) ig 
+ 605.0 + 7 9,904.0 = 0.0 (7) 


(9.28 + 7 32.85)i2 — (3.2 + 719.55)z; + 43.7 — 7104.6 = 0.0 (8) 
Solving eqs 6, 7, and 8 by determinants: 


i= 422-7 06 
ig = 80.2 + j19.7 
is = 136.2 + 715.0 


_From these new values of current, the second total power flow 
diagram, Fig. 5, can be drawn, and the second loss table, Table V 
compiled. Comparing Tables III and V, the loss figures are near 
enough the same that no further power flow solutions will be made. 
The next step is to draw up the first voltage and total power flow 
diagram, Fig. 6. The voltage calculations for Fig. 6 are shown in 
Table VI. Theinput in amperes, Table VII, can then be determined 

In terms of power and reactive power, the inequality between 
total input and total output, as shown in column 3, Table VIT, is 
small enough that no further calculations will be made. 

The final results, then, are represented on Fig. 6. 
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19.0 MILES 
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5 FT 
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©H SYNCHRONOUS 
CONDENSERS 
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BUS P 


Circuit data 


Fig. 1. 


Circuit data given is length, conductor size, and conductor 
equivalent delta spacing 


BUS S 786.9+j0.5 


86.9+ j0.5-ly 


BUS R 
Reen!) + 62.9 


222.7+j62.9 BUS M 


tij—-lo-l3 219.1+ j63.2 
—— tij-lo-i3 


314.8 + 545.8-(o-t3 


BUS P 
313.9 + j16.2 
Fig. 2. First total power set-up 
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Table III—First Loss Table 


Total Voltage 
Network Power Flow Assumed Jed QL 
Branch Mva Ky Mw Rmva 
Ro Seem 43.2 s112-0 0.67. . 1,96 
a Ree 44.2 iv bk2).'O 0.72. . 2.656 
BUS R dia Gree SOU ON ea ete 112.0 OnSie sabe 
222.7 + j62.9 R-M... AO a sites . 112.0 SOCK Es eae . 1,48 
MG Nc site « AGO Se 112.0 0.17 0.49 
IR] Bee wer eee BAe 2 R se csce.: 112.0 . 1.40.. 4.05 
Be Pie entra SO Saar otee D2" Ole ee. Seas | 13.35 
(09 5 hs, ene Pied OO Licete pe 1 20" | aa fe lt OD ee pers 7.13 
PT a Pee ears O4 Orel. ats DO oes 2.09 . 9.88 
REP eee LAO) Gee eee: 1 Ig PIO) 2 oe 5 OCm re bere COMO 
TVotalae ee one ee SE ee ope 1600 esse 73.3 lagging 
Losses to be supplied as follows: 
From bus P, deduct from load 16.0 mw 
From bus P, synchronous condenser 38.3 rmva lagging 
From bus R, synchronous condenser 30.0 rmva lagging 
From bus M, synchronous condenser 5.0 rmva lagging 
Fig. 3 (left). First total power flow diagram 
¢ 
Table I!V—Determination of New Input and Output Figures for Network 
Figures in Megawatts and Reactive Megavoltamperes 
(1) (2) (3) (4) (5) (6) 
Lumped Losses Supply of 
Bus Initial Initial (excl. charging Circuit Resultant Resultant 
Point Output* Input* tmva) Losses’ Outputs Inputs 
‘See ONO FL On Or nae S6n9 i 7 OO ere ae ORTe = Ga De Sin) cece ONO 4-091 OF Olesen. tet we en hh sey en ee 86.2 + 7 2.8 
Re 0.0+ 70.0.. 2222 -JOLs Okie, (AOE OL =a 719119}. ee OO <= 9380) O:e ae ar. AiG nan pee A Mes Pees oe 218.89 + 752.09 
fs eae 0.0+ 7 0.0.. 2A — ea TO ear nte oe ONS Ie— 782 OSn eee ONO SEM ONO ae cr rene nt aie ae ee 11.59) = 4 557% 
GS ORO M197) OF. 08 on eae MeL ng D4 A esl cs O99 — 9 4x52. 25 3 ORO F ONO SRE. cs cry tar ee tee be ee Os ee 0.11 +7 2.12 
M.. SEO IO soe taken OZ OR N50 KO namie OF85u—270 OF 9S ena ee ORO K— 5755 Omer eee SI ODF SiG Oi Ast ae neat: eee eee 
Y Rede ee 0.9 + 711.3.. ORO m= 7 OL One ea 2 ASIF SiT Be, cates OO UO Ona tern: SESS 7 LEO Sak ees het ee ee 
fale RA gh Tek gC da Coe J ok ee eee OLO TESORO) sce. gel S27) (Bib lee oss O0F=-27 On One ee RAO 2 e— 90 COL i) 2 i eee ee 
P .313.9 + j34.5..... OnOR eg ONOR nee oe 62308927. Ovi eee 162.0 = 388034 oF eee 2 008826 gO oarae ee eet cet ee tee 
$22.8 + 963.45. -..... S22) Si goseeaaee © UGS OR 97 SES) sence ce 160) 973) Signe ee Ol On On -fe7 le 44 ye cee 316.79 + j51.44 


+j indicates “‘leading”’ reactive power. 
—Jj indicates “‘lagging’’ reactive power. 
* Columns I and 2 are obtained directly from Fig. 2, and, therefore, include the lumped charging reactive megavoltamperes. 


BUS S Y86.2+ 52.8 BUS S 


86.2+2.8-L; 


BUS T 
BUS T 
11.6 -j5.6 
1.59-j5.57 2 
Bu eue 218.89+j52.09 BUS M ; vee: 
5 by es] s ‘ - 
218.89 + 52.09 tij-ia-i3 |) 214.94 +48.37 [779-22.77-4 218.9+ j§2.1 447+ 516.8 BUS M - [[85.6-j2.2 
+ij-t2-13 
BUS G BUS G 
Se ON + 52.12 0.14 j2.1 
BUS B 312.84+)47.72-i2-i3 be 
3.38+j2.6 
BUS H BUS H 
tH}+6.2- 50.61 6.2 -j0.6 
io-3.38-j2.6 
2 J 306.64 +j48.33-is-l3 90.3 + 513.6 
BUS P BUS P 
303.26+j45.73 303.3+ )45.7 
Fig. 4. Second total power flow set-up Fig. 5. Second total power flow diagram 
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Table V—Second Loss Table 


EE 


Total Voltage 


Network Power Flow Assumed Py, Qn 
Branch Mva Kv Mw Rmva 
FeiS ren sain ats t DPV ee Seen hGIVAAL Es eee cieae reer (WAG Yayo sy Gee tundrL0 1.88 
S-T BAR hooten ter EZ Oe aiyarete oe.« ORT 2 es etaacas cre 2.64 
7 ie! CANA RAD Seta GO1G. win ken DIVAS aa htys aon (UBD RNa Pat ea c 1,39 
RSV er iitcs a ra¥e ATS ek oe ee UD Owes. craves. ON487 Seicuse. 1.40 
NT Ey Cpaiien Siege ee OE a RE a2 Ol cates wats Oleg recste 0.42 
ReB tte. BIAG. waniecorede WD Ol eertces chat « Le Soe ak ears: 3.89 
B-P YA SIEY AS ate ae res ces WUD Ores coke SiO tert. wie 12.67 
Gee sce OT Oona Rae TD Ole. ence, tena LAG Oe pants 6.82 
Se) re Oe eye ae el Omer nt ae 194 eo Lnele 9.17 
RRSP Tags sinks 137; {Oe = aie UZ Oconee cess BITS sisshantautn 29.20 
BUS S 


113.9/2.5° VOLTAGE IN KV 
jo24 86.9+j5.7 POWER FLOW IN MW AND RMVA 


437+ j4.7 
121-535 Bus T 


112.7 /-0.9° 


41.9 + 50.4 Fig) 
BUS R J Ore 
haiis.c* BUS M 55.8- j2.9 
0/0. ee 
222.7 + j 76-5 130.0 af 


40.7+13.3 
('65'5-j15 BUS G 


112.0 /-2.4° 
1.14 j0.9 


1384-505 


795¢j2I7 55.8 BUS B 


W5F2.9° 95.74 516.6 
6.9455.5 jaa BUSH 


1M3/-6.5° 


\ 78.64 j10.4 
\ 4.4+ 53.5 


\ 913+ 58.7 
10.7/-12.6° 


297.9+ j0.0 


WDICATES LUMPED 
CARCUIT CHARGING RMVA 


Fig. 6. First voltage and total power How diagram 
(-lines) 


Bus voltage in kilovolts. Reference voltage is at bus R 


Table Vil—Determination of Inputs in Amperes 


(1) (2) (3) (4) 
Net Bus Inputs 
(including charging rmva) 


Bus in Amperes Revised Amperes 
Bus Voltage Referred to Referred to 
Point Ky in Mva Reference Vector Reference Vector 
See 113.04) 2.5° 86.9 +9 0.5 440.0 + 7 21.5 440.0 + j 21.5 
R 12.07 0.0% 222.7 +.332.9 1,147.0 + j169.5 1,147.0 + j181.4 
T 112.7/-— 0.9° 12.1 — 7 7.6 61.4 — 739.9 61.4 — 7 39.9 
G 112.0/— 2.4° 1.1—j7 2.4 5.1 —j 12.6 6.1 — Jj 12.6 


1,653.5 + 7138.5 1,653.5 + 7150.4 
M 112.1/— 1.8° -—3.6 — 37 4.7 —19.3 — 7 23.6 —19'3 —7 23.6 
B 111.5/— 2.9° On Ong lins =—7.6 — % 58.0 —7.6 — 7 58.0 
H 111.3/— 6.5° 4.4 — 97:9 —27.3 — 7 38.1 —27.3 — 7 38,1 
P 110.7/—12.6° —297.9 — j72.8 —1,600.0 — 7 30.7 —1,599.3 — j 30.7 


—1,654.2 — j150.0 —1,653.5 — j150.4 


As stated in title, the above is a table of bus inputs. Accordingly, a positive 
quantity represents an actual input, and a negative quantity an actual output. 
+7 indicates ‘‘leading’’ reactive power. 

In column 3 the sum of positive quantities should equal the sum of the negative 
quantities (input equal to output). As seen above this condition does not exist. 
Current input figures are revised at busses P and R, as shown in column 4, to 
bring about equality. 
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Table VI—First Voltage Calculations 


TeZ, 
in % of Es 


IZ 
in % of Ey 


Average 
Voltage for 


Point in Kv 


in Ky 
Ref. to /0° 


% of Es 
Ref. to Es 


in 


: 


Ref. to Es 


Mvas 


in Kv 
Ref. to 5/02 


% of Er 
Ref. to E, 


in 


Zz Er 
in Ohms Mva; in Kv Ref. to E; 


Point Branch 


--112.0/— 2.4° 
110.7/—12.6° 


see eecee 


eee OF Oe 
-111.9/— 2.3° 
-112.1/— 1.8° 
--112.0/— 2.4° 
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-110.6/—12.6° 

110.7/—12.6° 
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--21.9 /80.5°.... Ghats 
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S x 
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A Criterion of Quality 


of Cable Insulation 


Radial uniformity of oil impregnated paper 
cable insulation, that is, uniformity in a 
radial direction from conductor to sheath, 
is a characteristic of well manufactured 
cable that is fully as important or more 
so than longitudinal uniformity. Radial 
power factor curves for several brands of 
new cable included in this paper show 
marked irregularities which are attributed 
to poorly controlled manufacturing meth- 
ods. On the basis of such studies, some 
manufacturers have made efforts to improve 
the radial uniformity of their insulation 
with resulting great improvement in quality. 
This characteristic of cable insulation thus 
provides a criterion of insulation quality 
that should be useful to both manufacturer 


and user. 
By 
K. S. WYATT E. W. SPRING 
ASSOCIATE A.L.E.E. MEMBER A.L.E.E. 


Both of The Detroit (Mich.) Edison Co. 


©. ALL the characteristics of oil- 
impregnated paper-insulated cable that make for 
quality the one upon which the electrical industry 
has placed most emphasis is uniformity. On each 
batch of cable the variation of insulation resistance 
and power factor is watched carefully from reel to 
reel. This is a check on uniformity, but in a longi- 
tudinal direction only. Until recently, uniformity 
of new cable insulation never had been determined in 
a radial direction, that is, along a radius between 
conductor and sheath, probably because apparatus 
for precise measurements was not available. Meth- 
ods for measuring electrical and chemical character- 
istics in a radial direction were developed, however, 
in the course of researches on the deterioration of 
high voltage cable insulation. When these methods 
were applied to cables of all types and all ages, it was 
found that not only was the insulation of used cables 
nonuniform in a radial direction, but also the insula- 
tion of most new cables was radially nonuniform. 
A paper recommended for publication by the A.I.E.E. committee on power 
transmission and distribution, and scheduled for discussion at the A.I.E.E. 


summer convention, Ithaca, N. Y., Apr. 24-28, 1935. Manuscript submitted 
Feb. 19, 1935; released for publication March 1, 1935. 


1. For all numbered references see list at end of paper. 
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Only cable manufactured under the most careful 
conditions approached radial uniformity. Radial 
uniformity of new cable insulation is thus a valuable 
criterion of the quality of new cable, just as lack of 
radial uniformity of used cable is a criterion of the 
degree of deterioration. Recognition of this impor- 
tant cable characteristic should prove a boon to the 
cable manufacturer anxious to improve his product. 
It also should serve as a valuable guide to the 
purchaser of cable in judging the care that has been 
taken in the selection of materials and in methods of 
manufacture. 


RADIAL METHOD OF EXAMINATION 


The usefulness of the radial method of examining 
cable insulation was first demonstrated in tracing the 
source and nature of deterioration in the insulation 
of high voltage cables from service. It consists in 
measuring the power factor and the degree of oxida- 
tion of the individual paper tapes taken one by one 
between the conductor and the sheath of a cable. 
For measuring the power factor of the single paper 
tapes, a cell that can be used in a routine manner and 
that gives reliable results has been devised. The 
degree of oxidation of the oil removed? from the in- 
dividual tapes is determined on an Adam balance 
using the hydrophil or water spread method based 
upon the pioneer work of Langmuir.* With the use 
of these 2 instruments radial power factor and oxida- 
tion curves can be obtained which, in the absence of 
moisture, are roughly U-shaped. 

The similarity between the power factor and hydro- 
phil curves indicates the likelihood that the high 
power factor near the conductor and sheath is caused 
by some form of oxidation. Occasionally abnormal 
radial curves are obtained, and from their shape and 
the degree of correspondence between the power 
factor and oxidation curves much may be learned as 
to the nature and source of deterioration. Not least 
among the results of the radial method of examina- 
tion has been the elimination of many academic 
theories of deterioration from practical considera- 
tion. (This remark applies only to cable for use up 
to 66 kv that has insulation of the standard thick- 
ness. Without question, at higher stresses additional 
mechanisms of deterioration become of importance.) 


APPLICATION OF RADIAL METHOD TO NEW CABLE 


On applying the radial method of examination to 
new cables, curves frequently were obtained that 
were similar in shape to those for used cables, the up- 
turns near the conductor and sheath, however, being 
far less pronounced. Typical curves showing the 
variation in radial power factor for new and used 
cable are given in figure 1. The lowest curve repre- 
sents the most uniform radial characteristics ob- 
served so far in any cable yet tested. 

In comparing the radial power factor curves in 
figure 1, attention should be directed to the following 
items: The triangular areas abc and def under the 
upturns at either end of the curve represent a de- 
terioration of the insulation, and it is important to 
note the distance that they penetrate into the insula- 
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tion. The heights ab and ef of the 2 triangles are of 
interest since these appear to represent the locations 
of maximum concentrations of the substance causing 
high loss. The middle portion of the curve, cd, 
probably represents the best insulation that can be 
obtained with the component materials under the 
given conditions of manufacture. Some importance 
may be attached to the degree of regularity of the 
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cd portion of the curve as information often may 
be gained from it as to conditions of manufacture. 

The foregoing findings resulted in the decision to 
investigate the radial characteristics of several 
brands of new cable. Six manufacturers were ap- 
proached on the subject of submitting samples of 
cable that would represent their best 1933 practice, 
and were fully instructed to take all necessary 
precautions in protecting the samples from con- 
tamination caused by certain forms of end sealing and 
exposure to air. These samples were duly received 
and all necessary precautions were taken in the 
laboratory to prevent undue exposure to air or con- 
tamination. Therefore any results obtained in the 
diagnostic studies should represent the true char- 
acteristics of the cable as manufactured. 

Results of the study of these 6 brands of new 24- 
kv 3-conductor cable are represented graphically 
in figure 2. The curve for only one conductor of each 
cable is shown, the curves for all 3 usually being 
similar in character. All the curves exhibit an up- 
turn at both conductor and sheath. The curve hav- 
ing the lowest power factor and the greatest uni- 
formity is that of brand A cable. Brand B follows 
closely upon A with regard to radial uniformity, and 
its excellence follows likewise from careful factory 
control. Both A and B are impregnated with 
mineral oil alone. This fact probably accounts for 
the special precautions taken in manufacture, since 
the use of rosin considerably increases the dielectric 
loss, thereby masking small variations in manu- 
facture. 

The 4 remaining brands of cable contained rosin, 
which accounts for the higher average power factor 
when compared with that of the 2 mineral oil cables. 
The curve for brand C is irregular in its middle por- 
tion; this cable, however, shows a reasonably small 
upturn of the curve at either end. Brand D, despite 
its having the highest average value of power factor 
of any, exhibits remarkably good radial uniformity 
except in close proximity to the conductor and 
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sheath; its high loss may be attributed to the 
amount or grade of rosin used in the impregnating 
oil. A different characteristic is found in brand £, 
where the high loss or ‘‘deterioration triangles” 
penetrate unusually deeply into the insulation. 
Several undesirable features are indicated in the 
curve for brand F. It exhibits high power factor 
next to the sheath, high average value of power 
factor, a ‘‘deterioration triangle’ that penetrates 
deeply into the insulation at the copper, and an 
irregular power factor in the intermediate portion 
of the curve. Lack of uniformity may be character- 
istic of this brand of cable since similar curves re- 
cently have been obtained by another investigator® 
on cables made in the same factory at different times 
during the last 8 years. 


CAUSES OF RADIAL NONUNIFORMITY 


The cause of the upturn in some of the radial power 
factor curves possibly may be explained by the radial 
oxidation curves. The general correspondence be- 
tween the radial power factor and radial oxidation or 
hydrophil curves of figure 3 for a mineral oil cable 
suggest that the upturn in power factor at the sheath 
results from oxidation of the oil. The explanation 
appears to be reasonable since as the cable passes 
through the lead press some oil from the insulation 
touching the hot lead in the presence of air un- 
doubtedly becomes oxidized as it flows backward 
over the incoming new insulation. Oxidation prod- 
ucts in the oil, formed either at the lead press or in 
the oil prior to leading, are probably chiefly respon- 
sible for the increases in power factor. 

Another cause of increased power factor of the 
paper layers next to the lead sheath may be the 
absorption of moisture if there is a prolonged ex- 
posure of the impregnated cable to factory atmos- 
phere previous to leading. In some cables contami- 
nation by dirt may beafactor. The interval between 
various factory operations occasionally may be long 
enough to permit dust or metallic particles to ac- 
cumulate on the surface of the insulation. In some 


Fig. 2. Radial power factor curves 
for new 1933 type H cable from 6 
manufacturers, measured at 60 degrees 
centigrade and 50 volts per mil 
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factories the cable is submerged just before leading 
in an oil bath in the floor, and it is possible for foreign 
material from the floor to become mixed with the oil, 
thus contaminating the outer layers of insulation. 

The cause of the irregularity in the middle portions 
of the radial power factor curves usually may be 
traced to the manner in which the cable is dried, 
degassed, and impregnated, and in a lesser degree to 
the type of saturant and paper used. For example, 
in figure 2 the radial characteristics of the several 
brands of cable may be interpreted in terms of 
materials or manufacturing methods then in use. 
One manufacturer uses an inert gas at one stage of 
manufacture to displace residual air in the insula- 
tion in order to reduce oxidation and to improve the 
thoroughness of impregnation. Another manufac- 
turer uses different types of paper to effect a so- 
called ‘“‘graded”’ insulation. Another manufacturer 
expends considerable effort toward thoroughly de- 
gassing both oil and paper. Special apparatus has 
been installed for frequently filtering and purifying 
the oil. Still another manufacturer utilizes a process 
in which, after the paper insulated core has been 
dried and evacuated, the vacuum is broken and air 
again allowed to rush in. After a short period, said 
not to exceed 10 minutes, the cable is plunged into 
the impregnating tank. This procedure probably 
results in small amounts of air being trapped in the 
insulation and the resulting oxidation of the oil 
might account for the variations shown by the 
radial power factor curve. One of the cables is made 
by the “pan-saturation method.” In this method 
each reel of cable is placed in a separate pan for 
impregnation. Upon removal from the impregnating 
tank the pan accompanies the cable so that the cable 
remains immersed in the oil in which it was im- 
pregnated right up to the moment it enters the lead 
press. In this way the absorption by the insulation 
of air and moisture from the factory atmosphere 
during unavoidable delays is minimized. It will be 
evident from the foregoing that a variety of methods 
of degassing and impregnation are prevalent in the 
cable industry. 


SIGNIFICANCE OF RADIAL NONUNIFORMITY 


The significance of the radial curves lies in the in- 
formation they give regarding the care used in manu- 
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facturing. Poor materials, outmoded methods of 
manufacture, or undue exposure to the factory at- 
mosphere as well as the use of good materials and 
good practice will be indicated in the radial char- 
acteristics. 

At present the irregularities in the radial curves 
that some conditions of manufacture produce cannot 
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be evaluated directly in terms of operating life; 
but where 2 brands of cable are under consideration, 
one exhibiting highly erratic radial characteristics, 
indicating poorly controlled conditions of manu- 
facture, and the other having uniform radial curves 
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of low value, indicating careful and studied manu- 
facturing methods, the likelihood of long life in 
service is much greater for the radially uniform 
cable. This conclusion is supported by another 
investigator’s® observation that initial peaks in 
radial power factor curves of new cable become much 
more pronounced after a period of service. In those 
cables in which errors in manufacturing methods 
can be detected by the radial power factor test, it is 
probable that other errors, which cannot be detected 
by present available means, also are present. Radial 
uniformity of cable insulation, therefore, may be 
considered as an indication of quality. 


PRACTICAL RESULTS OF THE RADIAL METHOD 


Measurement of the radial characteristics of cable 
insulation has proved useful to the enterprising cable 
manufacturer in improving quality. During the past 
year, the manufacturer of brand F, figure 2, which 
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had the least desirable radial characteristics of the 
6 brands tested, has greatly improved his methods 
and technique. The radial power factor curve of 
his most recent product is shown in figure 4, in order 
to permit more ready comparison the curve F (1933 
product) of figure 2 has been replotted in this figure. 

Even the best product may be improved when a 
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means is available for detecting flaws. The manu- 


facturer represented by brand A in figure 2 desired 
to eliminate the upturns of the radial power factor 
curve. The results of his efforts may be judged by 
comparing the radial power factor curve for 1934 
cable with that of 1933 cable of the same brand 
(figure 5). It may be seen that a distinct improve- 
ment has been effected by the known improvements 
in the process. 

General improvement in all brands of cable should 
follow a study of the effect on the radial character- 
istics of the finished cable of the more rigid control 
of each step in manufacture. Apparatus for measur- 
ing radial power factor has been built by practically 
all the manufacturers represented in figure 2 and by 
several power companies active in cable research. 


RELIABILITY OF MEASUREMENT OF 
POWER Facror oF INDIVIDUAL PAPER TAPES 


The question frequently has been raised as to 
whether the power factors of the individual layers 
of the cable give a reliable indication of the power 
factor of the cable measured as a whole.‘ An op- 
portunity to answer this question presented itself 
when a 64 foot length of used single-conductor high- 
voltage cable, the over-all power factor of which 
carefully had been measured in a hot box, was sub- 
mitted for radial examination. Six sections, each 
18 inches long were removed from the 64 foot length, 
one from each of the ends and the remaining 4 at 
equal intervals. One section was removed at a time; 
radial power factor measurements were made im- 
mediately following removal and preparation of 
samples. Extra precautions were taken in the 
preparation to prevent contamination from exposure 
of the ends of the cable to the atmosphere. 

The radial power factors of 3 representative sec- 
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tions are shown in figure 6. In calculating the power 
factor of the cable it would not be correct to average 
the areas under the 6 radial power factor curves since 
a high loss tape at the conductor obviously would 
not affect the total power factor as much as a high 
loss tape at the sheath, because of volume considera- 
tions. 

Taking due account of the volume considerations, 
the power factor of the cable may be calculated with 
close approximation from the formula 


b 

log F 
where 
P, = power factor of the cable 
P,, = power factor of individual tape m at radius r 

= radius at which tape x is located 
a@ = radius of the conductor of the cable 
b = radius of the outer layer of the insulation 
In a cable the stress throughout the insulation 


varies whereas in the tape power factor cell the stress 
is maintained constant for each layer. This would 
have considerable bearing on the correctness of this 
method were it not true that the power factor of 
impregnated paper insulation that is not badly de- 
teriorated does not vary greatly with stress below the 
ionization point. 

The values P,/r in the formula were plotted 
against v for each of the 6 sections; 7 varied between 
620 and 1,340 mils. Representative curves for 2 
of the sections are shown in figure 7. The power 
factor of each section was determined by graphical 
integration and division by log (b/a) and the 6 power 
factors averaged. The average of these 6 values was 
considered as the power factor P, of the cable. 


Fig. 7. Plots for 
2 sections of 
cable of P,/r 


versus r used for 
graphical inte- 
gration in obtain- 


ing the total < 
power factorfrom 
power factors of 
individual paper 
tapes 


Measure- 
ments as indicated in figure 6 were made at 60 
degrees centigrade and 50 volts per mil. The power 
factor of the cable as measured in a hot box was 
0.75 per cent at 60 degrees centigrade and 28 volts 


This average value was 0.82 per cent. 


per mil. In the 2 tests the temperatures were 
equal, but there was some difference in the measur- 
ing stress. Because of the fact that the power factor- 
voltage characteristics of impregnated paper are 
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slightly rising, the agreement would have been even 
closer had the measuring stress been the same. 
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Adequate Lighting 
ls a Sound Investment 


A number of examples in which an in- 
creased intensity of illumination in indus- 
trial establishments resulted in an actual 
increase in production are cited in this 
paper. Other results also attributed to 
adequate lighting are that better work can 
be done, accidents are reduced, and waste 
space may be made available for produc- 
tion. 


By 
L. A. S. WOOD 


MEMBER A.1.E.E. 


Westinghouse Elec. and Mfg. 
Co., Cleveland, Ohio 


Bicsus: better illumination does 
cut costs, increase efficiency, reduce accidents, and 
establish better working conditions, lighting in 
industrial plants everywhere will probably be revo- 
lutionized in the next few years. At present indus- 
trial lighting averages less than 5 foot candles, one 
survey of 2,000 industrial plants even averaging 
below 3, as compared with the safe minimum of 10 
foot candles. Industry is awakening to advantages 
of better lighting as a result of recent developments 
in lighting and of many industrial lighting surveys. 
The following are only a few examples of many 
instances where proper illumination definitely in- 
creased production. 


ADEQUATE LIGHTING INCREASES PRODUCTION 


One of the most conclusive proofs that good light- 
ing pays its cost is furnished by a national piston 
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company. This plant was inadequately lighted and 
the local power company induced them to make a 
lighting test. The president reports that at the 
beginning of the test the plant was running at about 
70 per cent capacity with a lighting intensity of 1.2 
foot candles. In one department the lighting was 
stepped up to 6.5 foot candles and production in- 
creased 13 per cent. Then it was further increased 
to 9 foot candles and an additional 4.9 per cent 
increase was obtained. Finally the lighting was 
increased to 14 foot candles and production jumped 
another 6.9 per cent. In all, the lighting of 14 foot 
candle intensity increased production 25.8 per cent 
over the old installation. 

In the inspection department of a large roller 
bearing manufacturer a thorough test of the effec- 
tiveness of light in increased production was made. 
The original system of lighting provided 5 foot 
candles at the inspection table. The number of 
pieces inspected per hour per operator was 408. 
When the new lighting installation providing 20 foot 
candles was in operation, production jumped to 458 
pieces per hour per operator—an increase of 12.5 per 
cent. This intensity was maintained for 2 weeks, 
then decreased to 13 foot candles, and immediately 
production dropped to 440 pieces per hour per 
operator. When it was later set back to 20 foot 
candles production increased to its peak. 

In a hosiery plant proper illumination was in- 
stalled and immediately production of knitting 
machines jumped 10.8 per cent and of looping ma- 
chines 6.1 per cent. The cost of the installation was 
only 0.4 per cent and the operating cost 0.1 per cent 
of the yearly pay roll. 

In the composing room of a large register company 
the lighting was old-fashioned, inadequate, and 
spotty. Men at work setting type were slow and 
errors were frequent. The management consulted a 
lighting specialist and he recommended an entirely 
new system with modern equipment and mazda 
lamps of proper size. After the new installation 
was made a careful check was kept; production 
increased 6 per cent and only 20 cents per day was 
added to the light bill. 

In a plant operating a battery of wire drawing 
machines a haphazard system of drop cord lighting 
was replaced with a scientifically planned overhead 
system. Immediately the output of the machines 
was increased 21 per cent. 

A manufacturer of automobile parts reports that 
after installing a new lighting system which in- 
creased lighting intensity 133 per cent, labor turn- 
over dropped from 6.37 per cent per month to 2.78 
per cent per month. In addition, work was speeded 
up enough to pay for the complete installation in 18 
months. 


ADEQUATE LIGHTING AIDED BY Many Factors 


The development of the light meter, which is a 
portable compact means of measuring lighting in- 
tensities, makes it possible to check easily and 
Full text of a paper recommended for publication by the A.I.E.E. committee on 


production and application of light. Manuscript submitted Aug. 15, 1934; 
released for publication Aug. 22, 1934. 
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accurately the intensity of light provided by art1- 
ficial illumination in industrial plants everywhere. 
Illumination research laboratories have discovered 
by actual test that wherever eyes are used for work 
that 10 foot candles is an absolute minimum. Fur- 
ther tests have also revealed that working under 
intensities less than 10 foot candles causes not only 
severe eye strain but results in fatigue, sleepiness, 
nervousness, headaches, indigestion, etc. Glare from 
light sources in the line of vision, reflections from 
glossy surfaces, and uneven distribution of light are 
also features which contribute to this condition. 

As a general premise to a new lighting approach to 
industry, 3 definite recommendations are being 
made: (1) Increase intensities; (2) abolish glare; 
and (3) provide uniform distribution. 

Adequate lighting is a working tool in any plant. 
The importance is best summed up in an adaptation 
of a well-known adage “‘As a man sees, so does he 
work.” 

Industry has spent tens of thousands of dollars in 
developing machines of greater efficiency, but the 
most delicate machine is not half as sensitive as the 
operator. And when conditions are such that it is 
difficult to see, when surroundings are dark and 
gloomy, operators cannot be expected to get the 
most out of machines. Production suffers. Costs 
increase. Accidents increase. 

Other important considerations are the new indus- 
trial codes under which industry is working. Shorter 
work days and shorter work weeks have necessitated 
the addition of more shifts and the employment 
of more men. Better illumination enables employers 
to get a greater volume of work and greater securacy 
from each employee under the shorter hours and 
perhaps increased pay. 


BETTER WORK AND 
REDUCTION IN ACCIDENTS RESULT 


But not only does better lighting mean increased 
production, it also means better work. Employees 
can see better, but equally important they have a 
more inviting, improved working condition and plant 
atmosphere. A dark, gloomy plant is depressing to 
workers and they cannot be expected to do their best 
in surroundings of this character. Better light will 
increase the morale of the entire staff to a pitch which 
assures good work and high efficiency. Also, workers 
are more dependable in well-lighted plants, and more 
satisfied to stay on the job—therefore, labor turnover 
is substantially reduced. 

Improved lighting also means decreased accidents. 
Workmen who can see danger rather than merely 
sense it are less likely to be involved in accidents. 
And accidents in addition to their regrettable nature 
cost industries large sums of money year after year. 

One of the most interesting descriptions of the 
relationship between lighting and accidents is found 
in the code of lighting prepared under the direction 
of the Iluminating Engineering Society. This 
report points out that the National Safety Council 
estimates that the number of fatalities in the United 
States arising out of or in the course of gainful em- 
ployment was 24,000 for the year 1928, and that 
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during the same period the lost time nonfatal acci- 
dents reached the staggering total of 3,125,000. 
The report also points out that a prominent insurance 
company shows justification for assuming that 
defective vision and deficient or unsatisfactory 
lighting installations are contributing factors of 18 | 
per cent of these accidents. This means that from 
these causes industries are being deprived of the 
equivalent of the services of 35,000 men throughout 
each entire year due to lost time nonfatal accidents. 
This is indeed a high price to pay for neglect of light 
and vision. 

Quoting further from this report it is discovered 
how from a dollars and cents standpoint accidents 
cause industry thousands of dollars a year. 

“Compensation insurance premiums for a plant 
are based on the amount of the pay roll, and the rate 
is determined by the accident experience of a given 
industry, modified by the experience of a particular 
plant under consideration.. With a rate of 1.5 per 
cent the annual premium in the case of 1,000 em- 
ployees at an average wage of $40 per week would be 
$31,200. 

“An insurance carrier might, at an average, pay 
the claims resulting from 4 accidents per month in 
this plant, and meet its own overhead cost, and still 
have slight margin of profit. An experience of 5 
accidents per month, !/; of them due to improper 
lighting (a not unlikely event) would probably leave 
the insurance carrier no option but to increase the 
rate by 25 per cent. This premium would then be 
$39,000, an increase of $7,800. If poor lighting costs 
only $3 per employee or $3,000 per year total, the 
owner’s annual expense for poor illumination actually 
amounts to $10,800, of which $7,800 is required by 
the insurance company to meet additional accident 
claims. An expenditure of $6 to $8 per year per 
employee for more adequate illumination might save 
a large portion, if not all, of the latter amount. The 
important point here is the fact that the cost of 
accidents, due to poor illumination, greatly exceeds 
the cost of providing adequate illumination.” 


WASTE SPACE MADE AVAILABLE FOR PRODUCTION 


Another important advantage of modern lighting 
in industry is that it makes all space available for 
active production. With spotty and inadequate 
illumination there is a large percentage of modern 
plant floor area which is dark and useless for actual 
production. The machinery and production line 
must be grouped close to existing lighting units, 
leaving large areas which are useful only for storage 
purposes, et cetera. These areas can be trans- 
formed immediately through installation of modern - 
lighting to useful productive activity. Machinery 
can be arranged for efficient production, and in many 
cases more machinery and men can be employed in a 
given plant area. Also, in a plant where dark 
corners and out-of-the-way spots exist, there exists 
the opportunity for workmen to seek these spots for, 
idle, unproductive moments. 
_ From the foregoing facts it is readily evident why 
industry is taking a definite step toward revolution- 
izing industrial lighting standards. 
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The lighting industry for years has had the equip- 
ment to make possible illumination as now recom- 
_ mended. But it has only been recently that any one 
has fully appreciated the intimate relationship 
between light and sight and human efficiency. Now 
that the facts are known, and that electrical manu- 
facturers are taking steps toward disseminating this 
knowledge, it will be interesting to observe how 
quick industry will be in establishing the new stand- 
ards as recommended. 


Probability 
in Engineering 


The value of probability theory in the field 
of engineering is forcefully brought out in 
this paper, which explains the fundamentals 
of the theory, not by the use of mathe- 
matics, but by the solution of sample prob- 
lems of types frequently encountered. 


By 
E. G MOLINA Bell Tel. Labs., Inc. 
MEMBER A.1.E.E. > New York, N. Y. 


Tax purpose of this paper is to 
emphasize the practical value of probability theory 
in engineering. Since engineering problems are of a 
quantitative character the paper relates to the mathe- 
matical aspect of the theory. But the reader will 
not be burdened with a lot of mathematics; for the 
purpose of this paper a few comments on the theory 
itself, followed by the presentation of the solution of 
some problems, will suffice. 

What is probability? The greatest authority on 
the subject, Laplace, wrote that “‘the theory of 
probability is, fundamentally, nothing but good 
sense reduced to calculation.” 

Note carefully the qualification “reduced to 
calculation.’’ Good, or common, sense so reduced 
does not subscribe, for example, to the placing of 
odds in favor of tail in the ninth throw if the first 8 
throws of a penny gave head every time. 

Essentially full text of a paper presented at a meeting of the Sharon (Pa.) Section 
of the A.I.E.E., April 9, 1934, and at a joint meeting of the Pittsburgh (Pa.) 
Section of the A.I.E.E. and the electrical section of the Engineer’s Society of 
Western Pennsylvania, April 10, 1934; and recommended for publication by the 


A.1.E.E. committee on communication. Manuscript submitted April 20, 1934; 
released for publication August 1, 1934. 


Ep1ror’s Nore: Those interested in the subject of probability from the point of 
view of engineering application may wish to read Albert A. Bennett’s article 
(“Theory of Probability,” ELEC. Ence., v. 52, 1933, p. 752-7) which was the 
first article of the special “Science Seties for Engineers’’ sponsored by the 
A.1.E.E. committee on education. 
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The ‘reduction to calculation’? was inaugurated 
in 1654 when a notorious gambler, the Chevalier de 
Méré, submitted to the mathematician Pascal a 
problem of chances involving dice. Pascal and his 
friend Fermat then started a voluminous corre- 
spondence in which they embodied the elementary 
principles of the theory. During the following 21/, 
centuries such famous mathematicians as James 
Bernoulli, DeMoivre, Laplace, Poisson, Gauss, De- 
Morgan, Boole, Bertrand and Poincaré contributed 
their share to the “‘reduction’”’ with the result that 
today the mathematical theory of probability con- 
stitutes a body of principles which transforms into 
an exact science the rule of thumb methods pre- 
viously used in the handling of certain broad classes 
of problems. The chief characteristic of these 
problems is that they involve mass phenomena where 
law and order reign in the aggregate in spite of ap- 
parent chaos in the individual. 

From both the theoretical and practical points of 
view the domain of probability splits into 2 main 
divisions known as the a priori and the a posteriort. 
Two simple problems, one a priori, the other a 
posteriori, quoted from the “‘theory of sampling”’ 
will serve as definitions of these terms. 


a priort: A box contains 1,000 relays. It is known that 50 of them 
are defective. If 100 of them are selected at random what is the 
probability that, say, 10 of the 100 selected will be defective? 


a posteriori: A box contained 1,000 relays of which some unknown 
number were defective. Of 100 relays selected at random from the 
box, 10 were defective. Whatis the probability that, say, 50 of the 
1,000 relays were defective? 


In the first case a universe with known character- 
istics is given and a probability question is asked 
regarding a sample which is to be taken from the 
universe. In the second case the characteristics 
are given of a sample which has been taken and a 
probability question is asked regarding the unknown 
sampled universe. 

So much for the theory of probability as such and 
its 2 logical divisions. Let some applications be 
considered. 

Three problems will be presented from the domain 
of engineering with which the writer is most familiar, 
telephony. However, their probability aspects are 
shared by other fields of engineering and moreover 
details and qualifications, which are of interest only 
to the telephone engineer, will be omitted. 

The first and second problems belong in the a 
priori division of probability theory, but it is not 
essential to bear thisin mind. At the end of the dis- 
cussion of the third problem, some comments will 
be made on an aspect of a posteriori problems which, 
if overlooked, may lead one to quite erroneous con- 
clusions as to the significance of a sample from an 
unknown universe. 


I—APPLICATION TO A ‘“TRUNKING’’ PROBLEM 


The engineer responsible for the amounts of equip- 
ment which should be installed for the giving of 
adequate service at a fair price is confronted with 
the following question: Knowing the average de- 
mands which will be made for a certain service, 
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what are the probabilities for or against various 
fluctuations in excess of the anticipated average 
demands? 
As an example consider, in a general way, what is 
technically known as a “trunking” problem. 
Imagine a telephone exchange serving 2,000 sub- 


scribers; call this exchange A. To simplify the 
EXCHANGE A EXCHANGE B 
———>. 
a 
7—_____ 
2000 . Be eUN ALL OTHER 
SUBSCRIBERS —— [| EXCHANGE B SUBSCRIBERS 
—_> 
——P 
_ 


Simple telephone exchange system 


Fig. 1. 


discussion assume that all outgoing calls from A 
are made for subscribers in a nearby exchange which 
will be referred to as exchange B. (See Fig. 1.) 

Shall 2,000 interoffice trunk lines be installed so 
that the entire 2,000 subscribers of A may talk 
simultaneously with their friends of exchange 5? 
Of course not; in the first place, not once in a 
century would all the subscribers wish to talk simul- 
taneously unless an earthquake or some such catas- 
trophe were to occur; in the second place, the cost 
would be intolerable. A more rational and practical 
point of departure would be to assume that, under 
normal conditions, only one out of every 100 calls 
shall fail to find immediately an idle trunk line at its 
disposal. 

Suppose that during the busy hour of the day each 
of the 2,000 subscribers of exchange A makes a call 
for 6 and, moreover, that when a connection is 
established between the 2 exchanges the conversation 
lasts for exactly 2 min. Since 2 min. is 1/39 of the 
hour, it is anticipated that on the average !/3) of 2,000 
= 66.7, say 67, simultaneous conversations must be 
provided for. But what about deviations from the 
average; more particularly, what are the proba- 
bilities that the average number will be exceeded to 
various extents? To answer this question examine 
Table I. This table is based on the Poisson proba- 
bility or “frequency” law which gives 
ate~/x! 


as the probability that an event will happen exactly 
x times if on the average it happens a times. The 
corresponding probability that the event will happen 
at least, say c times, is 


x = © 
) ate—4/x/ 
x=ec 


In these formulas e represents the number 2.7182 
.. Which is the base of natural or hyperbolic 
logarithms. 

Although the number of conceivable laws relating 
average results to deviations therefrom is legion, the 
Poisson law is one which has a great range of applica- 
tions in physics, biology, engineering, and elsewhere. 
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Its application to the telephone problem under con- 
sideration is justified both on theoretical grounds 
and by the results of numerous observations. | 

To determine the number of trunk lines which 
should be installed to meet the 1 in 100 condition, 
read down column III of the table until a prob- 
ability of 0.01, or the nearest value thereto, is en- 
countered. Then reading across to the corre- 
sponding entry in column I the number 87 is found. 
Thus, finally, 87 interoffice trunk lines must be in- 
stalled when the average number of conversations 
expected is 67. 

In order to emphasize the utility and significance 
of tables such as Table I and Table II, also based 
upon the Poisson law, the trunking problem will be 
carried a step further. 

Manual or automatic means are required in order 
that any one of the 2,000 subscribers shall have 
access to all of the 87 outgoing trunks. The me- 
chanics of this part of the problem would be simpler 
and perhaps cheaper if the subscribers were divided 
into 2 groups of 1,000 each and then 2 separate 
groups of trunks running from exchange A to ex- 
change B were installed. To what extent will this 
arrangement, if put into effect, increase or decrease 
the total number of trunks? Consider the following 
analysis. 

On the assumptions made above each group of 
1,000 subscribers will contribute on the average 
66.7/2 = 33.4 simultaneous conversations. When — 
the average is 33.4, Table II tells us that 48 trunks 
are required to give a 1 in 100 grade of service. — 
Therefore, it will be necessary to install 48 trunks 
per group of 1,000 subscribers or a total of 2 X 48 = 
96 trunks. This is an excess of 96 — 87 = 9 trunks 
over the number required when it is feasible to serve 
the subscribers as a single group of 2,000. 

The reader will appreciate without further analysis 
that the theory of probability, together with a 
knowledge of unit cost figures and other factors which 
the telephone engineer must take under considera- 
tion, enables him to determine the optimum division 
of subscribers into subgroups. 

A problem of the type which has been under dis- 
cussion here and is of special interest to the power 
engineer forms the subject matter of the paper en- 
titled “Spare Capacity Fixed by Probabilities of 


Table I—Probability Table 


Probability That Number of 
Simultaneous Conversations Will Be 


Possible Number 
of Simultaneous 
Conversations 


Exactly 
That Specified 
in Column I 


At Least 
That Specified 
in Column I 


I Il III 


CEE SLLY fatten Tch ce ees Kunden Ake Sic (O3047952 9-2 2es eee 0.612877 
66) 67" Ae Pee OF048678 eee eae 0.564925 
67 ="averagee 30. ote ok O.. 048678252 0) cere 0.516246 
CSG 7 Reese. cee OP08F96 2 ea Si Fea 0.467567 
5ST LAC (ails ot Sea CMR SE 0504857258 1) oon 0.419606 
S0¥= 6S “pol Seni oe soe ae OX0LS600 cet ae 0.066446 
She 6l- 1S cre oe O°004665.n eee 0.019069 
86) °6 74-19 Se ee 0: 003634.55 6 ere 0.014404 
BY ey fies enw AL Me Se ruil ae. A Pi ONO0ZTO9 Fe Macarena 0.010770 
88 "ee: 67 121 Sere eae ee O2002TSI ee. eee 0.007971 
106) 167-80.) en ere OR00000Siare an 2 eee 0.000006 


ELECTRICAL ENGINEERING 


h 


' 


Outage” by S. A. Smith, Jr. (Elec. World, v. 103, 
1934, p. 222-5). In the opening paragraph the au- 
thor says: 


“In the engineering of power systems one of the most important ob- 

_ jects is the attainment of a high degree of continuity of service. In 
attempting to achieve this many millions of dollars are spent for re- 
serve equipment and protective devices. Seldom, however, is the 
proper degree of service reliability known or defined in quantitative 
terms, and rarely does the designer employ a truly rational method to 
attain it. Some way of defining the goal must be found and some 
scientific means of reaching it sought.” 


Mr. Smith then proceeds to outline how prob- 
ability theory supplies a ‘‘scientific means”’ of arriv- 
ing at results. 


II—-APPLICATION TO A 
PROBLEM IN RECURRENT STRUCTURES 


An extensive class of probability problems arises 
from the recurrent or periodic structure of certain 
kinds of equipment. In long telephone circuits, for 
example, such a structure results from ‘“‘transposi- 
tions”’ in the pair of wires of a talking circuit in order 
to eliminate crosstalk between adjacent pairs. 
Another example is circuits wherein ‘‘repeaters’’ 
for amplifying the voice currents are inserted at 
several points along the line. (See Fig. 2.) 

Now in any recurrent structure one is confronted 
with irregularities; mo 2 transposed sections are 
exactly alike in length or in the distance between 
adjacent pairs, no 2 repeaters are exactly alike in 
their electrical characteristics or there may be slight 
variations in the voltages of the local batteries which 
supply them with current. 

The central question in this class of problems is: 
What is the probability that the cumulative effect, 
or sum, of several relatively small independent ir- 


TRANSPOSITION 


REPEATER 
STATION 


Fig.2. Engineering examples of recurrent structures 


regularities will lie within a specified range? It is 
to be understood that each individual irregularity is 
likely to have any one of a finite number, or of an 
infinite number, of possible values. 

One may venture to state that every field of en- 
gineering is saturated with problems of the type now 
under consideration. Of course, the saturation 
point may be much lower in some fields than in 
others. 

Consider the line equipped with repeaters, limiting 
the discussion to the irregularities resulting from 
slight variations in the voltage of the local batteries 
installed at each repeater station. Assume that 
each repeater gives a nominal gain, or amplification, 
of say 30 db (decibels). For the purpose of this 
paper the precise meaning of the term decibel is not 
essential; it suffices to bear in mind that it is a con- 
venient unit for measuring power gains or losses in 
transmission. 

An irregularity or departure on the part of an in- 
dividual repeater from the nominal value of the gain 
expected from it will, of course, react on the total 
transmission gain to be expected from the several 
repeaters collectively. The problem confronting 
the telephone engineer is, then, to find the probability 
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Average Average 
plus Probabilities plus 
Deviation 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010 Deviation 
c Average a G 
0 PE ede OZO00N 2 32a ONOO2 asta OF003Meety= OL004 sass OZ00ba ene = OF 006.8 ere OR 007 ane: OX008 hacer OX000}2 eer O.01L0fReaee 1 
ID arcs) 66 ORO4S cers: (OR ities aac OHOSO\ Ne cie's.< OROO2Z a ener OD1 04 aren OLA eras Os 124 Src OM S3ieene ORIAT aoe 031495405 2 
ii es ORLOL wre atce 0.243 ....%... O28 iret: OFS eee O2338ecnee On S615. oe Oc 382 eee 0.4020 sac OF419 tes 0.436...... 3 
Ae waves Je OF 429 oriehs res. ORS US wayeyees OLSSIe. anc 0; 6305255 ONG 7 2iterter = ORZOO oetoe ONAL ee enevore WEt(Alsatoad ON7OS ves aoe 07823 "ees 4 
Biss 6 vate ONTO Rts = ORS T2icreee< ite OF954 57.008 1NO2-2 oe ee WOSr essere LS voercncs OUT teteys laze Wi 2 vecduces 25 cae 280. hates 5 
Bie wm s¢ DP TAL teet seanstiey = bed te teenie J SSR en dares VR. RR ee DS APR re AU OD a evens AGOmerut cate LL OW sree M4, ears Dy (ie Be 6 
Victaean ee. TRO 2 ret. WEE? oeenee IR Sh eae as 1 95) sata 204 oats ale PON orice > Ait Wy acerca QP23" ore ere QS vtastanle Dado piso 7 
Je Gee TE O Tears rr. = DO ee ke coxate 2 SO aotetoare RAT: vareryerets PARGY (oy. S CEH 2 Cheers eo. ORGW ane PASTAS Schott 28GB sek tae. PFE MENS scsi c 8 
(5 See DEAD excess 2 (aenmeee DE SOL a Race SAOZ Varner =o Selous Sane elton ear Sol Rageekre SUSB ese SAD ie eaves 3 6lieew one 9 
LO er serets ZEOG Rersce 3's Be 26min tle Oe 4S yea es BOO freer Bad Lene e SS 2d aa BAM 55.0 Od 3. OO aerate 4° 0BN cease 413 Peeve 10 
OAD, ag ate ALO4W . Sete 5 440 oma ciecs 4563 hcapant A SOC seca A 94S es os SLOG Pee erate Blache oe er Led aso B35. ne oetets fee BT 6a oi 12 
14.. beZON an seins SG om SST corer 6207 S.mac. C523 hice CUS YAS Aenea 6 49RTh. Se O360w eae. Ca ieee sini 673 cre 14 
GS cgortche Grade Skee: Ves een TEAS foie TRO ete tests Kh iV 4 Ronee (GES OIE WASO hes crs ce Tic OE ER irae S08. Ae otee S18) sce 16 
ee (GAG es dria Am SPELT eee tales out SsOOrsece Sa7O ws nes 8. 94 era eos Tie ta Corea es 9:26" tectece 9589 ces OS SIL yesteens ON OZ rca 18 
20 ack SOG saan OPO 2a mies OE STA ratcetes VOM 4 trek VOnSberate ss OLDS eee LOMO erate 10.847 SSS. LOSOT AS cae LOS Aes 20 
OO ins, TO SPAD) eee tits LOFSO Pets ae VG 27 ea eras VEL5O Ve ain a D7 Dears nites UO Oe eet, L216 ee ae aS Ws aoe 1224 B hehe ste a DEY Cen oan 22 
py eee APCS sey LOA 29 Pennies 27 OMecnct tess LBRO Me srerctot 13226 ueen ene LS¥4 Tarte TSY 6D tectbetsse TBs SI ea rehre, 0 LSV96 0 Ss. 5 142002 irene 24 
26 RSG an AS HOS cect LSE 2 bone te 14 UG Aas. .2ats 1448 een cs TA. (awetee ie 14.296 as: LOG Reeiess VO eSSigee sce L548: es V5 5625 oe eee 26 
2S 5 sree ots LAC AAS rchens ilssan eg eee TGS Piece acees LD OMe aera sass so 16824 roe. 16.48 cme, 16368 Carns L6286ieen er LOSI x sacse 17. 1S Sear 28 
B02 asa TES Y i eto NSIS 1626405.5..025 Wy fl WP ae VAS NAT eaaterte MES ose BOE VS8223) oan cee 18 %42 PF oros.er S259) coven 18374 ecs 30 
BQ aches NBS Pen eee. USUAL Ders Seater LSi G2ie wen VOOO ash cs 19N31> tee: 19556 tere LOT OpR ke ere TOLOST oes 2OSTGReaeiee 205382 eases 32 
SA oes 1 Ya Reis oe TORG2 erases 20215) sec: OO GY Oe ame 2ORSGm ater DAIS! gastecstens DL ESB ects tte 21 Ot ee. DA OR oe ae VUE PAs Rca 34 
SOc: ZOW2Z63 28a 721 Weer Ie ae eck 21 C8ite ae fe 22 OO Meet. 3 2242 wires PLIST Seger Past). Nee AN 340 ee a PASAGUL. i maecci Zor OSi ee ees 36 
OSi uta Oe Omer tine DOO Ieee 23023) 1s PES tg Sees 24 00M 245 29". beta Oe Bit Cee QA TO inane s 24596 Meats PAT eh Wee cea 38 
AO Pe a ahs BEM PASE Tie OF As 20) daslenavet DATO) os Ce 25223) reyes DONO Omer ts PAT. ROIS ZO RISE sake oe 26.38) % Janes 2Gc OS mene PLE aot es Oie : 40 
DY re RCS Dy: Sal Asser, Crewe DRY GY Ret sptees a PAVE eis Osc AVY), Bare ZT OG istees PAS inten PP ERY sisters Oh 28 [00m eee DS Dit eee PA: Rae 42 
44s 2h. PAO) nia ciae PARSON eee PER DTH OB chs erokrs 284i fens a. OE AE eran DORI Le scesk ots 29 89) van sarah OX OSiere ec QOS. siemiey. SOLOS eee: 44 
AG ere ci:: 27 BS tran. een 28.89) waveiee 294545. Bess: SOROD Merc SOFA 1S Serer. SONTE S. cts SU OZ eet: S12 Tote one SL OOM. tients OU dna 46 
ASE: 29 AO eseteels SORA AS stares ae Serer cates SOS eae B2HOS Teectanc B2EST eats eee S208 Ck ene « LO 2a neve BB a olan BO EOs ey a cieres 48 
BOS sak os 3096 Gece O25 OG Rares. 2d Awesetel eects SOnCOUM ut ou BEG ie Motion SA Ol kctas.s 4 SUS can eyes 34.58 stencina S458 2 cine. 35 O83 nines 50 
APRIL 1935 425 


PROBABILITY IS 8 IN 10 
THAT A DEPARTURE IN A 
SINGLE REPEATER WILL LIE 
IN RANGE FROM 3 BELOW 
TO 3 ABOVE ZERO 
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PROBABILITY IS 8 IN.10 
THAT WITH 16 REPEATERS 
THE SUM OF THE DEPAR- 
TURES WILL LIE IN RANGE 
FROM 12 (=3716) BELOW 
ZERO TO 12 ABOVE ZERO 


PROBABILITY OF OCCURRENCE 
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Fig. 3. 


Gain fluctuation in line equipped with re- 
peaters 


or chance that the total gain of a number of repeaters 
will depart from the total nominal gain (for that 
number of repeaters) by an amount equal to or less 
than a specified amount. 

In the solution of the problem the first question 
to be answered is: What are the possible values for 
the departure at an individual repeater and what is 
the probability in favor of each value, or infinitesimal 
range of values? This question is usually answered 
by an appeal to existing records of the past behavior 
of individual repeaters. 

Let us assume, then, that the information em- 
bodied in the upper curve of Fig. 3 is given. 

The abscissa x of a point on the curve represents a 
possible value for the departure, the unit departure 
being 0.05 db, for example; the ordinate y represents 
the relative probability in favor of the occurrence of 
the departure of magnitude «. Moreover, assume 
that the equation to this curve is 


ce 1 e-X?/20;3 
oi 20 
with, for example 
oO = 2.34 


This is another outstanding law relating average, 
or mean, values to departures therefrom. In Fig. 3 
the mean value is represented by the origin 0 of 
abscissas. The constant o, conventionally known 
as the “standard deviation’’ determines the slope 
of the curve and is a measure of the extent to which 
the departures tend to cluster around the most 
probable value. Many readers of this paper will 
recognize the law, although it has changed its name 
several times; Normal, DeMoivre, Gaussian, La- 
place-Gaussian are among those under which it 
travels. 

Now, when the individual departure obeys a 
Normal law, the mathematical theory of probability 
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shows that the sum of departures likewise obeys a 
Normal law, but with a standard deviation, o, = 


oWVn. (This relation between standard deviations 
holds even when the individual and cumulative de- 
partures do not obey normal laws.) Write 


X=xXH+% +x +... Xn 


for the sum of the ” individual departures. 
then results 


e-X?/2(nor2) ax 


There 


1 
(arV/n)V/ 20 


for the probability in favor of the occurrence of a 
sum whose value lies in the infinitesimal range 


ee (HA 2Get ax 
GAA ee Oe 


for the probability that the total gain given by 
repeaters will lie within the range X’ on either side of 
n times 30 db. 

There can now be stated in general terms a con- 
clusion of great practical importance which re- 
sults from the theory of probability: As considera- 
tion is transferred from a line equipped with a num- 
ber, say , of repeaters to a line equipped with a 
larger number, say N, the range of values for which 
there 1s a specified probability that the sum of the 
departures from normal gain will le therein, instead 
of increasing in the ratio of N to n, increases only as 
the square root of this ratio. 

In the lower half of Fig. 3 the outcome is observed 
for a line equipped with 16 repeaters, the “standard 
deviation,” for each individual irregularity being 
a, = 2.34, as assumed above. 


ITI—APPLICATION TO A 
PROBLEM OF THE A Posteriori TYPE 


The 2 telephone problems which have been con- 
sidered belong to the a priori domain of probability 
theory. The a posteriori domain will now be en- 
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PROBABILITY THAT NUMBER OF UNKNOWN 
DEFECTIVES DOES NOT EXCEED X 


25 30 oD 40 45 50 55 60 65 
X= POSSIBLE VALUES FOR THE UNKNOWN NUMBER 
OF DEFECTIVES IN A UNIVERSE OF 700 ITEMS 
Fig. 4. Curve showing probability that the unknown 
per cent of defectives in a universe of 700 items 
does not exceed a specified value, it being known 
that a sample of 200 out of the 700 contained 4 
per cent defectives 
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, tered. The importance in engineering of this aspect 
_ of the mathematical theory of probability will be 
emphasized by a brief analysis of a “sampling”’ 
problem. 

It is necessary to distinguish between the sampling 
of “attributes” and the sampling of ‘‘variables” 
since they involve different techniques. The sam- 
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Fig. 5. Curves showing, for an infinite universe and 

with a weight or surety of 8 in 10, the range within 

which lies the per cent of defectives in the universe 

for various sizes of sample and various per cent de- 
fectives in the sample 


The figures at the right are the designations (in whole num- 
bers) of each pair of curves which tend to converge at the 
right. The ordinate scale is on the left 


pling of “‘attributes” relates to problems where each 
individual of the universe sampled has or has not a 
specified characteristic; the case of ‘“‘variables”’ 
arises when it is asked to what extent each item of the 
universe possesses a certain character. 

A typical sampling of “‘attributes’’ problem is the 
following: Suppose a shop has received a shipment 
of 700 triode tubes. Assume that a test of 200 of 
these tubes, selected at random, disclosed that 4 
per cent of them had broken filaments. What in- 
ference does this disclosure justify as to the per 
cent of triodes with broken filaments in the entire 
lot of 700? For example, what is the probability 
that it is not greater than 5 per cent; that it is not 
greater than 6 per cent? 

These and equivalent questions can be readily 
answered by reference to the curve in Fig. 4. The 
abscissas indicate possible values for the number of 
triodes with broken filaments in the universe of 700; 
the ordinates give the probabilities that the unknown 
number of defectives does not exceed the values 
indicated by the abscissas. 

To answer these questions proceed as follows: 5 
per cent of 700 is 35; the point on the curve whose 
abscissa is 35 has 0.75 for its ordinate. Therefore, 
it is inferred that the probability is 75 in 100 that 
not more than 5 per cent of the 700 triodes are de- 
fective. Likewise, since 6 per cent of 700 is 42, 
a probability is inferred of 91 in 100 that the de- 
fectives do not exceed 6 per cent of the total number 
of tubes. 

If the number of individuals in the universe is 
very large compared with the number sampled, the 
inferences which can be drawn from the character- 
istics of the items sampled are, approximately, in- 
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dependent of the size of the universe. Therefore, 
the next step is to go the limit and assume that the 
sample of 200 triodes containing 4 per cent defectives 
was obtained by selections at random from an 
infinite universe. In this situation pairs of curves, 
such as those in Fig. 5, are very useful. Each pair 
of curves corresponds to a specified per cent of 
defectives in the sample; this per cent is indicated 
at the extreme right end where a pair converges 
together. The sample sizes are indicated by the 
abscissas plotted on a logarithmic scale. The 
ordinate scale on the left relates to the unknown per 
cent defectives in the infinite universe from which 
the sample was taken. 

Next, find the abscissa corresponding to the sample 
of 200 triodes. Then follow the vertical line above 
this abscissa to where it crosses the pair of curves 
converging toward the value 4 at the right. The 
ordinate of the crossing with the lower curve reads 
2.7 on the scale to the left, with the upper curve its 
value is 6.5. Now the caption to all the curves 
reads ‘‘Weight 0.8.” Therefore, it is inferred that: 


a. The probability is 8 in 10 that the true unknown per cent de- 
fectives, in the infinite universe of triodes, lies in the range 2.7 to 6.5, 


b. The probability is 1 in 10 that it exceeds 6.5; likewise, the prob- 
ability is 1 in 10 that it is below 2.7. 


In drawing inferences as to the number of defec- 
tives in the shipment of 700 triodes, no consideration 
has yet been given to any available information on 
the character of the shipment other than that ob- 
tained from the sample of 200 tubes. For example 
the fact has been ignored that the shipment came 
from, say, one or the other of 2 manufactories, one 
having a well established reputation for reliability 
in its product, the other being a relatively new con- 
cern. The probabilities assignable from _ this 
information to the various possible values for the un- 
known per cent of defectives in the shipment must 
be taken into account in conjunction with the prob- 
abilities based upon the outcome of the sample. 
The former probabilities are called in the literature 
a priori existence probabilities because they relate 
to information existing before the sample is drawn 
although it need not be taken into account until 
later. 

The curves shown in Fig. 4 and 5 are based upon 
the assumption that the a priori existence probabilities 
are all equal or, in nontechnical words, that all the 
possible values for the number of defectives in the 
universe were equally likely before the sample was 
taken. Such an assumption can be made without 
serious consequences when the number of items 
sampled is large, because the implications of a large 
sample will outweigh to a great extent any prior 
information about the character of the universe. 

In closing this discussion of sampling theory the 
writer would express an opinion which is certainly 
justified on theoretical grounds though not, as yet, 
on sad experience: It is that when circumstances 
are such that inferences must be drawn from a small 
sample, one should consult an expert in probability 
theory and, in doing so, make sure that there is no 
misunderstanding with him as to just what inferences 
are under consideration. 
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Lubrication Increases 
Life of Meter Bearings 


Recent research reported in this paper 
shows that lubrication of pivot bearings of 
electric watthour meters is essential for 
maximum bearing life. The performance of 
these bearings represents the most impor- 
tant mechanical factor in sustained meter ac- 
curacy. The comparatively high rate of 
wear in a new bearing is found to decrease 
rapidly with use, finally becoming ex- 
tremely small. With a well lubricated 
bearing, the effect of the increased friction 
resulting from wear on the calibration of 
the meter is shown to be negligible. A 
jewel screw of new design, having a large 
oil reservoir to provide for proper lubri- 
cation over a long period of time, also is 


described. 


By 
T. A. ABBOTT J. H. GOSS 
MEMBER A.1I.E.E. Membership Application Pending 


Both of the General Electric Co., West Lynn, Mass. 


BAe ek of sustained accu- 
racy always has been the most important problem in 
the manufacture and use of electric watthour meters. 
With the modern tendency toward longer intervals 
between periodic tests, a review of the factors affect- 
ing this problem is pertinent. 

Electrically, the accuracy of the meter is dependent 
upon the permanence of the damping magnets and 
the permanence of the mechanical positioning of the 
parts of the electric and magnetic circuits. The use 
of properly treated and processed high strength 
magnets has reduced the first factor to one that is 
unaffected by time. Careful design and manufacture 
made possible by years of experience have practi- 
cally eliminated thechanges resulting from mechanical 
shifting of the parts of the meter. 

The parts that now need to be carefully considered, 
are those subject to mechanical change resulting 
from wear. Most of the parts of the meter operate at 
such slow speeds and low pressures that the slight 
wear is not of sufficient magnitude to affect the ac- 
curacy of the meter even over extremely long periods 
A paper recommended for publication by the A.I.E.E. committee on ‘astra: 
ments and measurements and scheduled for discussion at the A.I.E.E. summer 
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of time. The lower bearing, however, operates at a 
very high pressure and, although the linear speed is 
low, serious wear may take place if the conditions are 
not controlled properly. The lower bearing becomes, 
therefore, the most important mechanical factor in 
sustained meter accuracy and is the subject of the 
research reported in this paper. 

From the results of the work done, the following 
conclusions have been drawn: 


1. A welllubricated pivot bearing has many times the useful life of a 
poorly lubricated or dry one. 

2. Under normal conditions the amount of wear of a well lubricated 
bearing, as indicated by the worn area on the end of the pivot, tends 
to approach a constant value. 

3. The amount of wear of the well lubricated bearings tested was 
not sufficient to result in any appreciable decrease in meter accuracy. 


4. A special type of jewel screw is necessary to provide good lubri- 
cation, and hence sustained accuracy, over long periods of time. 


OBTAINING DATA ON BEARING PERFORMANCE 


Three methods of obtaining data on bearing per- 
formance are: 


1. Field tests made under actual service conditions. 
2. Normal speed tests made in the laboratory under controlled 
conditions. 


83. Accelerated tests made in the laboratory and devised to give 
results within a short time that would require years of operation in 
normal service. 


A considerable amount of iaformation on the long 
time performance of bearings under certain specific 
conditions was available from both field and labora- 
tory tests made over several years. Certain things 
were indicated by these data that it was important 
to test out within a reasonably short time. The 
following accelerated life test was set up for this 
purpose. 

A 5-ampere 115-volt standard-type watthour meter 
operating at 100 per cent load rotates at the rate of 
15.97 rpm. The damping magnets were removed so 
that the speed increased to about 30 times normal. 
If the bearing be considered as a power consuming 
device in which work is done in overcoming friction 
and wear be assumed to be proportional to the work 
done, then as much energy must be dissipated per 
revolution at the accelerated speed as at normal 
operating speed if the same wear is to be obtained 
under both conditions. However, as the coefficient 
of friction is known to decrease somewhat with ve- 
locity, other conditions remaining the same, less 
energy is dissipated per revolution at the higher 
speeds. This decrease in friction coefficient can be 
compensated by increasing the weight of the disk; 
accordingly, as it was desirable to make the wear per 
revolution at the high speed greater than under 
normal operating conditions, the 13.2 gram standard 
rotor was replaced by a special rotor weighing 75 
grams. A tremendous increase in the bearing pres- 
sure was thus obtained, which added materially to the 
severity of the test. 

To simulate service conditions it was desirable to 
run the test meters on an intermittent load cycle. 
A time switch therefore was connected in series with 
the load and set to give an operating cycle of 3!/, 
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F minutes on and 1/2 minute of. The potential circuit 
‘was connected at all times, and the potential flux was 
sufficient to damp the rotating element practically to 
rest during this 4/2 minute off period. 

_ Consideration was given to the effect of the higher 
speeds on the lubricating problem, but calculations 
showed the speed of a point on the contact circle to 
be so low that even at the speed of approximately 
500 rpm the linear velocity of a point on the outer 
edge of the circle of contact for a new bearing was 
only 0.730 inch per minute. With so low a speed it 
is evident that the lubrication conditions cannot be 
affected materially by the inertia forces resulting 
from the increase in speed. 


BEARING WEAR AS A FUNCTION OF LUBRICATION 


Accelerated tests were made to determine the rela- 
tionship between the rate of wear and the lubrica- 
tion of the bearing. Three fundamentally different 
conditions of lubrication were tested. The first 
involved chemically clean surfaces from which even 
the slightest trace of lubricant had been removed. 
The second provided a very thin film of lubricant 
duplicating the conditions when the amount of 
lubricant is inadequate. The third provided an ap- 
preciable amount of lubricant so that the bearing 
surfaces were covered and the oil extended well up 
on the pivot. 

The well lubricated bearings were run for 120 
million revolutions without failure or sufficient wear 
in either the pivot or the jewel to affect the accuracy 
of the meter appreciably. The dry bearings were in 
very bad condition at the end of 10 million revolu- 
tions; the pivots and jewels were badly worn and 
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rust was present in considerable quantities. The film 
lubricated bearings operated satisfactorily for a 
short period of time, but apparently the very thin 
film was not adequate so that wear comparable to 
that in the dry bearings soon resulted. The fact that 
the film provided sufficient lubrication for a short 
time and then failed indicated that the film actually 
deteriorated because of wear or for other reasons to a 
point where the lubrication was inadequate. 
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RATE OF WEAR. MILS PER MILLION REVOLUTIONS 


DIAMETER OF WORN AREA ON PIVOT, INCHES 


70.) = 80;n0 90 


(us Oa BO #20 t 80 k al0 amreO 

REVOLUTIONS (x106) 

Fig. 2. Average diameter of worn area and rate 

of wear of 4 well lubricated pivot bearings on 
accelerated life tests 


CONFIRMATION OF ACCELERATED TEST RESULTS 


While these accelerated tests were being made an 
extensive examination was made of all the life test 
data on meters that had been running in the labora- 
tory for several years. The results indicated in the 
accelerated tests were confirmed. The number of 
dry bearings or insufficiently lubricated bearings 
reported from laboratory normal-speed life tests was 
small, and even in these the accuracy was not affected 
appreciably; but the dry bearings and the in- 
adequately lubricated bearings were undoubtedly in 
a worse condition than the well lubricated ones. 

Further confirmation was found from the ex- 
amination of a large number of bearings taken from 
meters used under actual service conditions. These 
findings are confirmed also by data in an article 
recently published by Mr. G. F. Shotter.® 

An examination of pivots from well oiled bearings 
that had been operating in meters under normal 
service conditions for a long time revealed that the 
worn area on the end of the pivot was usually quite 
small and apparently independent of the revolutions 
of the meter. Asa result of this observation the worn 
area on several accelerated life test pivots was 
measured and plotted against revolutions as shown in 
figure 2, which is an average for 4 bearings. Evi- 
dently the worn area reaches almost its final value 
after a few million revolutions and from then on 
increases at a greatly reduced rate. The following 
computations are interesting in this connection. 

The average pressure P over the circular contact 
area of a sphere of radius R resting on a flat plate 


and supporting a load W is given by the expression: 
Pee, 

P= op (1) 
where ¢ is the radius of the circle of contact and was 
calculated by Dr. Féppl! to be 


r= [ o.75WR (52)]" : (2) 


in which 
p = Poissens ratio for the pivot steel (0.25) 
E = modulus of elasticity for the pivot steel (30 X 10°) 


5. For all numbered references see list at end of paper. 
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If W is in pounds and R is in inches, 7 will be the 
radius in inches. In the foregoing formulas all the 
deformation is assumed to take place in the pivot as 
the steel is much softer than the sapphire. 


Combining equations 1 and 2 
W 


© [o7owr ()]" 


For a standard type of watthour meter: 


P= (3) 


W = 0.0291 pound 
R = 0.0185 inch pivot point radius 


Substituting in equation 3 the initial pressure at the 
bearing point is found to be 172,000 pounds per 
square inch. 

It has been seen that a new pivot bearing is in 
contact over a very small area initially and that this 
area is governed by the elastic constants of the 
material. For a properly designed pivot bearing 
there is no permanent deformation of the point. 
Possibly the reason for this is that the center section 
of the spherical surface in contact tends to be driven 
up into the main body of the pivot and is resisted by 
the material adjacent to it which is in tension. The 
combined stresses are such as to offset one another 
and result in a working stress well within the strength 
of the material. After a relatively small number of 
revolutions the contact area wears to the jewel 
contour and the pressure decreases until the area is 
large enough to reduce the bearing pressure to the 
point where the oil film is able to support the moving 
system. The variation of pressure with contact 
area as shown by the curve in figure 3 indicates 
the rapidity with which the pressure decreases as the 
area increases. The high pressure accounts for the 
rapid initial wear and consequently for the rapid rise 
of the curve shown in figure 2. 

An examination of the wear of the jewels of the 
accelerated life test bearings showed that the jewel 
wear was smooth and even less than that of the 
pivots. 


COMPUTATION OF EFFECT OF 
BEARING FRICTION ON METER ACCURACY 


The effect on the accuracy of the meter of the 
increase in bearing contact area shown in figure 2 
may be determined by considering the increased 
friction torque resulting and its relation to the 
meter driving torque. For a new pivot and jewel, 
the contact area being a function of the elastic 
constants of the materials, the friction torque of the 
pivot bearing may be expressed by :? 


Ty, = Es mW [o.751R (45°)]” (4) 


where wu represents the coefficient of friction and 
the other symbols have the same meanings as in the 
previous formulas. 

Solving equation 4 for the initial friction torque 
for the specific meter, 7, = 0.000892 gram-milli- 
meter. 

After the pivot has run for 10,000,000 revolutions 
or more as shown by figure 2, the worn area is large 
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enough to support the load with little or no elastic 
deformation and the expression for the pivot fric- 
tion torque changes from equation 4 to:? 

Ty’ = ?/suWr’ (5) 


where rv’ is measured, or, as in this example, is deter- 
mined from figure 2 for any desired number of revolu- 


tions. Choosing the diameter of worn area from the © 


Fig. 3. Effect of 1000 12,000 
pivot wear on 

meter calibration 99.8 10,0005 
at 5 per cent = 


load, and varia- 
tion of bearing 
pressure with wear 
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curve in figure 2 for 60 million revolutions and 
solving equation 5, T,’ = 0.00469 gram-millimeter. 

The percentage error in registration of a meter at 
any load resulting from a change in lower bearing 
friction may be expressed as: 


Per cent error = 
100 X Friction torque (final) — Friction torque (initial) 


% Load X (Meter driving torque at 100% load) (6) 


Equation 6 neglects the friction compensating 
torque as it is very small and has little influence on 
the result. Substituting the expressions for the 
torque in equation 6: 


Per cent error = 
Teer eee 1=p?\J}/1 
2 we — ww [orswe (152°)] 

% Load (Meter driving torque at 100% load) 


100 X (7) 

The coefficient of friction (wu) in equation 7 is 
assumed to be the same after the jewel and pivot are 
worn together as it was initially. In a well oiled 
bearing the wear is usually smooth and the foregoing 
assumption is approximately correct. 

The curve of meter accuracy as a function of pivot 
wear shown in figure 3 was plotted from equation 7 
for 5 per cent load on a standard meter with the 
following constants: 


W = 0.0291 pound 

R = 0.0185 inch 

Full load torque = 51.60 gram-millimeters 
b 0.05 

p 0.25 

E 30 X 106 


It should be observed from this curve that the 
change in accuracy is small and comparable with the 
accuracy of ordinary measurements. 

The question naturally arises that if the increase 
in area on the end of the pivot is desirable, why not 
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, produce this shape at the time the pivot is manu- 
‘factured? Analysis reveals that the amount of 
material to be removed is minute and represents a 
decrease in the pivot length of only 28 x 107° 
inch for a pivot having an initial radius of 0.0185 
inch. It is apparent that this cannot be accom- 
plished by any reasonable manufacturing procedure. 

In order to obtain the advantages of reduced wear 
of the bearing by providing a quantity of fluid lubri- 
cant, a special design is necessary. The usual type 
of jewel will hold a small drop of oil but when the 
pivot is inserted, it causes much of the oil to flow out. 

Figure 1 shows a sketch of a new jewel mounting 
that recently was proposed by the authors. Essen- 
tially, the assembly consists of 3 parts: a main 
screw, a small plug which holds the jewel, and a guide 
sleeve used to clamp the parts together. When oil 
is placed in the reservoir of the main screw, it cannot 
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leak out while the screw is in an upright position. 
If all parts are made carefully to close dimensions, 
when it becomes necessary to renew the jewel the 
small plug containing the jewel is the only part to be 
replaced. 
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Of A.LE.E. Papers as Recommended toe Publication by echnical Gomumnittces 


O. this and the following 18 pages appear discus- 
sions submitted for publication and approved by the 
technical committees on papers presented at the ses- 
sions on cables, noise, overhead line problems, and elec- 
tric welding at the 1935 A.I.E.E. winter convention, 
New York, N. Y., January 22-25. Other discussions 
of winter convention papers, and authors’ closures, 
will be published in later issues. The first discussions 
of winter convention papers appear in ELECTRICAL 
ENGINEERING for March 1935, pages 322-35. 
Members anywhere are encouraged to submit 
written discussion of any paper published in ELEc- 


Dielectric Properties sis. 


I am glad to see the correction which 


TRICAL ENGINEERING, which discussion will be re- 
viewed by the proper technical committee and con- 
sidered for possible publication in a subsequent 
issue. Discussions on papers scheduled for presenta- 
tion at an A.I.E.E. meeting or convention will be 
closed 2 weeks after presentation. Discussions 
should be: (1) concise; (2) restricted to the subject of 
the paper or papers under consideration; and (3) 
typewritten and submitted in triplicate to C. S. 
Rich, secretary, technical program committee, 
A.I.E.E. headquarters, 33 West 39th Street, New 
Vork INS. 


concluded from the data given that if all 


of Cellulose Paper 


Discussion of a paper by J. B. Whitehead and 
E. W. Greenfield published in the October 
1934 issue, pages 1389-96, and in the 
November 1934 issue, pages 1498-1503, 
and presented for oral discussion at the cables 
session of the winter convention, New York, 
N. Y., January 24, 1935. Other discussions 
of this paper were published in the March 
1935 issue, pages 322-4. 


R. W. Atkinson (General Cable Corp., 
Perth Amboy, N. J.): The general effect 
of moisture on paper insulation is one 
which is very fully recognized. However, 
quantitative information concerning the 
relation between moisture and other prop- 
erties is sadly lacking. This paper con- 
tributes valuable test data on this subject 
and presents an ingenious method of analy- 
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makes it entirely clear that the values of 
moisture content as calculated and given 
in the paper are minimum rather than ex- 
pected values. I am also glad that the 
authors have supplemented their paper by 
a calculation of maximum values of mois- 
ture content. Comparison of these limits 
with values actually measured in our labora- 
tory will be of interest. These are pre- 
sented by A. M. Myers in his discussion. 
All of the departure of the paper insula- 
tion from the properties of a perfect or 
zero loss dielectric is attributed by the 
authors to residual moisture. I am in- 
clined to challenge this assumption. It 
may be granted that addition of water to 
the paper increases the departure from the 
behavior of a perfect dielectric and that 
extraction of moisture reduces such depar- 
ture, but that is not evidence that some of 
the departure is not due to an inherent 
property of the cellulose or other ingredient 
of the paper. In other words, it cannot be 


of the moisture were removed, the moisture 
free dielectric would be entirely free of 
“anomalous’”’ characteristics. Though the 
conclusions based on this assumption can- 
not be considered to be proved, they are 
the less important conclusions of the paper. 
The facts attributable to moisture added 
above the driest state obtained are not 
affected by the assumption. Incidentally, 
the last traces of water seem to be attached 
to the paper fibers with a bond as strong 
as the chemical bond of the material and 
hence “‘perfectly dry’’ fiber is only a hypo- 
thetical condition. Any conclusion as to 
the characteristics of such a material can 
be drawn only by indirect means and can 
have no more than an indirect practical 
significance. 

The authors conclude that if due account 
is taken of changes in electrode dimensions, 
the dielectric constant of their specimens 
remains substantially constant over the 
range of temperature from 25 to 100 degrees 
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centigrade. We have had occasion to in- 
vestigate the change in capacitance with 
temperature on unimpregnated cables with 
750,000 circular mil (0.998 inch diameter) 
conductor and about 400 mils of insulation. 
It was found that there was a linear increase 
in capacitance of 4.i per cent for the tem- 
perature range of from 57 to 123 degrees 
centigrade. The maximum increase in ca- 
pacitance which can be accounted for by 
thermal expansion of electrodes (i. e., inner 
electrode expanded and outer electrode 
remaining unchanged) is less than 1/2 of 
1 per cent, so that an increase of over 
31/2. per cent in capacitance over this range 
of temperature appears to be an inherent 
property of the paper-air combination of 
this cable. 

On account of the large dimensions of the 

- cable and because the wall thickness of the 
dielectric is so large compared with the con- 
ductor diameter there is little difficulty in 
determining within rather narrow limits the 
possible major physical dimensional changes 
resulting from temperature change. It ap- 
pears therefore that the conclusion of the 
authors that there is substantially no change 
of capacitance of dry paper with tempera- 
ture does not apply generally to paper insu- 
lation in cables. 

Our measurements were made at 60 cycles 
only. Figures 24 and 25 of the paper indi- 
cate, however, that there is practically no 
difference in the temperature coefficient of 
capacitance from 60 to 20,000 cycles. 

Detailed consideration of the data pre- 
sented by the authors relating to change of 
dielectric constant with temperature has 
developed new matters affecting the analy- 
sis’ presented. These are discussed by 
Louis Meyerhoff. 

Although we have questioned some of the 
conclusions of the authors, we believe that 
their data and method of analysis have made 
a very important contribution toward 
changing the purely empirical data on the 
subject to a rational explanation of the 
behavior of the complex dielectric, paper- 
water-air, in terms of the basic properties 
of the components. 


A. M. Myers (General Cable Corp., Perth 
Amboy, N. J.): Several years ago we 
attempted to measure the rate of drying of 
wood pulp paper and the change in its 
dielectric characteristics with per cent of 
moisture content. Our plan was actually 
to measure the amount of moisture as re- 
moved from the paper. The paper sample 
was made up of 11/2 inches wide 5 mil wood 
pulp paper wound in the form of a flat roll 
such as is used in ordinary paper taping 
machines, except that 4 tapes were wound 
in parallel with two 1 inch lead foil tapes 
inserted so as to be separated by 2 layers of 
paper. This sample was placed in a small 
yacuum oven heated electrically and ar- 
ranged with automatic temperature control. 

Two methods were used for measuring the 
amount of moisture removed from the paper. 
For determination of the larger amounts a 
method of weighing the oven with contained 
sample was used. This method had a 
sensitivity of 1/, gram, the accuracy being 
of the order of probably +1/, gram, or less 
than 0.1 per cent of the weight of the paper. 
For determination of amounts of moisture 
too small to be measured by the difference 
in weight method, a flow meter was con- 
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structed and connected between the kettle 
and the vacuum pump. This flow meter 
consisted of a smooth copper tube 18 inches 
long with a U gauge connected so as to 
show the drop in pressure between the 2 
ends. This drop in pressure is proportional 
to volumetric rate of flow through the tube. 
In order to transfer this to gravimetric units 
a McLeod gauge was arranged adjacent to 
one end of the tube, and the weight of water 
was calculated on the basis of the average 
pressure in the flow meter tube. The cali- 
bration of the flow meter was checked for 
both air and water vapor and was found to 
agree closely with the theoretical values. 

The periods of drying at each vacuum 
step were approximately the same as those 
used by the authors, but our drying was 
done at 110 degrees centigrade instead of 
100 degrees centigrade, and all measure- 
ments were made without releasing the 
vacuum. 

For the purposes of our investigation, we 
arbitrarily assumed that zero moisture was 
represented by the driest condition we were 
able to attain at 110 degrees centigrade. For 
each step of absolute pressure used in the 
drying process the corresponding moisture 
content was taken to be the total moisture 
removed after the drying at that step had 
been completed. Since a very smaliamount 
of moisture is present even in our final ‘“‘dry”’ 
condition our figures for moisture content 
should be in every case somewhat lower than 
the true values. 

Since this test gives experimental data 
concerning the relation between measured 
moisture content of the paper and its di- 
electric properties, a comparison of our re- 
sults with the calculated values should be 
extremely interesting. After drying at 100 
degrees centigrade and 765 millimeters pres- 
sure the authors obtained a power factor of 
3 per cent, whereas in our tests, even after 
90 hours at 110 degrees centigrade and 
atmospheric pressure the power factor was 
20.5 per cent. Similarly, after drying at a 
pressure of 400 millimeters our power factor 
was 8 per cent as compared with their 1 
percent. Furthermore (even making allow- 
ance for the effect of the different tempera- 
tures at which the electrical measurements 
were made) we were not able to reach a 
power factor corresponding to the 3 per 
cent they got at atmospheric pressure until 
the pressure had been reduced to about 
325 millimeters. 

Consideration of these large differences 
between our data and those given in this 
paper leads us to examine closely if there 
was anything inherently different in the 
methods of drying. We notice that, when 
making measurements, the authors brought 
the pressure to atmospheric by the admis- 
sion of dry air to the vacuum oven. This 
introduces an element of indefiniteness 
which was also present in some degree in 
the first readings of our tests, but which 
we failed to recognize until we came to 
make this comparison of results. A large 
number of measurements were made by 
Whitehead and Greenfield and this re- 
peated admission of dry air followed by 
reévacuation approaches what might have 
been obtained by continuous circulation 
of dry air. The effectiveness of drying at 
atmospheric pressure by continuous replace- 
ment of the water vapor in the drying 
chamber by dry air has been pointed out by 
Whitehead in a previous paper (A.I.E.E. 


TRANSACTIONS, volume 47, July 1928, page 
835). The difference between the power 
factors obtained at identical pressures under 
the different conditions of drying may be 
explained on this basis, since in our tests the 
vacuum was never broken and the pressure 
in the drying chamber was largely that of 
water vapor, while in the authors’ experi- 
ment the pressure after the introduction 
of dry air would be largely that of the re- 
sidual air left in the tank on the subsequent 
evacuation, the partial pressure of the water 
vapor being very materially lower than the 
total pressure. The drying under these 
conditions will not be at the same rate nor 
will the final dryness be the same as it 
would be if the oven were filled with water 
vapor, since the final degree of drying is 
more nearly a function of the partial pres- 
sure of the water vapor in the oven than 
of the total pressure as read on the vacuum 
gauge. 

Although, for the above reasons, we can- 
not expect to find the relations between the 
moisture content or dielectric properties 
on the one hand, and the drying pressures 
on the other to be the same for our condi- 
tions as for those of the authors, it is prac- 
tical to make comparison between the 
measured amount of water and the calcu- 
lated minimum values corresponding to 
different power factors. This comparison 
is given in table I of this discussion. 


Tablel—Moisture Content Versus Power Factor 


Per Cent Moisture Content 


Power Calculated Estimated From 
Factor, (Minimum) Measured Measure- 
Per Cent 100° C 110° C ments, 100° C 
Bi mists Rictere On26- 5 Fasten LEG ten eee ibee/ 

Od beeiainticet; ON2S ee es LAr ehh sare 1.6 
LS Restore OVS ee. aa O95 vet roeeeee bse 
OS. tier (053 Ie ee reece O45 arated 0.6 


The first column shows power factors, the 
second column the corresponding per cent 
moisture taken from the curves given in the 
paper, and the third shows per cent mois- 
ture obtained by our measurements. The 
figures in the fourth column were obtained 
from our power factor-moisture content 
curves by calculation on the basis of the 
temperature coefficient of power factor of 
dry paper. 

It will be seen that the measured quanti- 
ties of moisture are several times the mini- 
mum values determined by calculation, and 
comparison with the additional data given 
in Whitehead’s presentation indicates that 
they are of the same order as the calculated 
maximum values. Our measurements were 
not so precise as we would have liked, and 
we have now under way measurements on a 
commercial length of cable which will give 
more accurate information. 


Louis Meyerhoff (General Cable Corp., 
Perth Amboy, N. J.): In table V the 
authors have tabulated the measured ex- 
pansion of the component parts of their 
samples as a result of temperature change. 
From.-these data it may be calculated readily 
that the average coefficient of expansion of 
the inner brass electrode over the range of 
from 16.2 to 100.8 degrees centigrade is 
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381 X 10-6 per degree. In the range from 
- 16.2 to 41.8 degrees centigrade the coeffi- 
_ cient is 50 X 10-6, dropping to 18 X 1076 
in the range from 73.5 to 100.3 degrees 
centigrade. 

The average value of 31 X 107° found 
by the authors for the coefficient of expan- 
sion of their brass electrode does not agree 
with values given for brass in standard 
physical tables, which give for nearly all 

‘types of brass a coefficient in the neighbor- 
hood of 19 X 1076 over the range from 0 to 
100 degrees centigrade. The drop in coeffi- 
cient from 50 X 107-* to 18 X 10 as tem- 
perature increases is also contrary to what 
would be expected from generally accepted 
ideas as to the behavior of metals under 
going thermal changes. We have given the 
matter some thought, but have not been 
able te think of a reasonable explanation. 
Perhaps the authors can explain this. 

Additional analysis clarifies the discussion 
of dielectric constant with temperature. In 
figure 20 of the paper it is shown that the 
geometric capacitance has increased about 
5.1 per cent as a result of a temperature 
increase from 22 to 100 degrees centigrade. 
In the same range of temperature the insu- 
lation thickness of 60 mils has been reduced 
by about 2.8 mils or 4.7 per cent, the ex- 
ternal diameter remaining constant, this 
decrease in thickness resulting from an in- 
crease of the inner electrode diameter of 
only about 0.22 per cent. By taking into 
account change in dimensions, the authors 
find according to figure 25 that the dielec- 
tric constant remains substantially the 
same at all temperatures within the given 
range. As the specimen is heated from 22 
‘to 100 degrees centigrade, the given mass 
of paper is compressed in thickness from 
60 mils to 57.2 mils, the total volume occu- 
pied by the paper being reduced by about 
4.6 per cent. In other words, the expan- 
sion of the inner electrode, the outer elec- 
trode remaining unchanged, not only in- 
creases the “electrode system capacitance”’ 
as taken into account by the authors, but 
also increases the specific gravity of the 
insulation. Data obtained in our labora- 
tory several years ago show that, for an 
increase in specific gravity of dry paper 
insulation in the ratio of 1.046 to 1, there is 
an increase of about 61/2 per cent in the 
dielectric constant. The data given in the 
paper show that the dielectric constant of 
the specimen has remained substantially 
constant in spite of this increase in specific 
gravity. From this it follows that had the 
insulation retained its original dimensions, 
the authors’ results would have shown a 
decrease of 61/2 per cent in dielectric con- 
stant with tmcrease in temperature from 22 
to 100 degrees centigrade. This would 
indicate a negative coefficient of capacitance 
change with temperature as large as the 
apparent positive coefficient. 

If the expansion of the inner electrode 
were only as great as would correspond to 
the generally accepted coefficient of expan- 
sion, it would much more nearly account 
for the data obtained on capacitance change 
with temperature. 

In calculating moisture content on the 
basis of observed data the authors use a 
value of 48 for the dielectric constant of 
water at 100 degrees centigrade. This 
agrees with a formula given in the Inter- 
national Critical Tables, volume VI, page 
78, which is e = 80 — 0.4(¢ — 20°), where 
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e is the dielectric constant of water and ¢ 
is the temperature in degrees centigrade. 
According to this formula the dielectric con- 
stant is widely different for different tem- 
peratures, being, in particular, 80 at 20 
degrees centigrade and 48 at 100 degrees 
centigrade. This furnishes a basis for sug- 
gesting that 2 sets of measurements, one at 
100 degrees centigrade and one at 20 degrees 
centigrade, the drying being done at one 
temperature of course, would produce an 
additional equation or set of equations with 
regard to the effect of moisture content on 
the electrical properties. On the basis of 
the analysis used by the authors, the value 
of Co — Cy should be much greater at 20 
degrees centigrade than at 100 due to the 
much higher value of dielectric constant of 
water. The curves of figures 17 show that 
there is a greater difference between 60 
cycle and geometric capacitance at low 
than at high temperature, which indicates 
that it is quite likely that Co — Cy is also 
greater at low than at high temperature, 
and this is in line with the above mentioned 
expectation on the basis of the dielectric 
constant of water. On the contrary, all 
effects which we have noted as results of 
moisture content have been in the direction 
of increasing effect with increasing tem- 
perature. However, our data have been 
only at 60 cycles and perhaps are not per- 
tinent in this connection. At any rate, 
systematic measurement at more than one 
temperature may form the basis of an addi- 
tional check on the authors’ very interesting 
explanation of the effect of water on the basis 
of the simple constant of the materials. 

If the authors have in contemplation any 
further work along this line, it will be de- 
sirable to give consideration to an arrange- 
ment for weighing or otherwise measuring 
the extracted moisture. By having actual 
measurements of moisture content, as well 
as the mathematical maximum and minimum 
values as determined from electrical meas- 
urements at two temperatures, it should be 
possible to add much to the clearness of the 
picture as to the probable distribution of 
moisture in paper. 


Herman Halperin (Commonwealth Edison 
Co., Chicago, Ill.): I found the article by 
the authors quite interesting, but I was 
disturbed when I came to the end where 
the authors state that it appears highly 
probable ‘“‘that the increases of capacitance 
with temperature frequently noted in both 
cables and laboratory samples are caused by 
corresponding temperature changes in the 
dimensions of the electrode systems.”’ 

As indicated in the following, this is not 
corroborated by observations of changes of 
the capacitance of cable with temperature 
obtained on 9 samples of 750,000-circular 
mil, single-conductor 69-kv solid type 
cables during 54 cycles of accelerated aging 
tests conducted by the Commonwealth 
Edison Company. 

The increases in capacitance observed on 
8 cables during a heating cycle from 25 to 
70 degrees centigrade, copper temperature, 
varied from 0.01 to 0.21 per cent per degree 
centigrade, i. e., total increases in capaci- 
tance as large as 91/, per cent. The calcu- 
lated increase in geometric capacitance of 
the cables was only about 9.004 per cent 
per degree centigrade. This latter value 
was calculated on the assumptions that the 


diameter of the sheath remained constant 
after the initial expansion and that only the 
conductor expanded both radially and 
longitudinally. The measured changes in 
capacitance were, therefore, much larger 
than could be accounted for by geometrical 
changes. 

Since all cables had the same dimensions, 
it would be expected that temperature 
changes would cause about the same per- 
centage changes in capacitance for the 
various cables if geometrical changes were 
the main cause of the change in capacitance. 
Actually, the changes in capacitance varied 
for the cables from 0.01 to 0.21 per cent per 
degree centigrade. 

Instead of the minimum values of capaci- 
tance occurring at the minimum tempera- 
ture, as would be expected from the authors’ 
hypothesis, the minimum values were in all 
but one case found to occur between 30 and 
50 degrees centigrade during heating. 

For one cable, the maximum capacitances 
in 14 heating cycles occurred after cooling 
down to room temperature, instead of oc- 
curring at maximum temperature in line 
with the authors’ ideas; in 7 additional 
cycles there were 2 maxima in each cycle, 
one at elevated temperature and one at 
30 degrees centigrade while cooling. 

There are 3 important differences between 
the samples discussed by the authors and 
ordinary cable. First, the diameters of the 
sheaths of the laboratory samples were prac- 
tically fixed by binding them with linen 
thread and by providing longitudinal slots 
which closed on heating, while cable sheath 
is cylindrical and is, therefore, subject to 
the normal thermal expansion of a cylinder. 
Second, the insulation of the laboratory 
samples was dry paper, while that of cable 
contained oil or compound which had a 
relatively high coefficient of expansion. 
These differences would lower the theo- 
retical change in capacitance to less than 
0.004 per cent per degree centigrade, thus 
widening the gap between the theoretical 
and measured changes. 

Further, the ratio b/a, that is, ratio of the 
diameter over the insulation to diameter 
over the conductor, is about 1.04 for the 
samples discussed by the authors, while this 
ratio was about 2.5 for the 66 kv cables 
on which capacitance measurements were 
made. From figure 22 of the paper showing 
capacitance versus the ratio b/a it appears 
that a value of b/a of 1.04 falls in a portion 
of the curve where little change in b/a 
causes a comparatively large change in 
capacitance, while for a value of 2.5 as for 
the cables a small change in b/a causes a 
very small change in capacitance. 

Based on these considerations, it appears 
that the changes in the capacitance of 
impregnated-paper insulated cable with 
changes in temperature are due only in 
small part to thermal changes in the dimen- 
sions. Changes in the characteristics of 
the dielectric itself with temperature are 
apparently most important. 


R. J. Wiseman (Okonite Co., Passaic, 
N. J.): As a cable manufacturer I always 
read with great interest papers written by 
Dr. Whitehead in order to be certain that 
we have not missed anything in our man- 
facturing processes. I think the present 
paper is a very valuable one to cable manu- 
facturers; in fact, it is a sort of a pat on 
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the back to the latter as it confirms their 
drying processes. Figures 1, 2, and 3 
give curves of change in power factor and 
capacitance with time and pressure of drying 
at 100 degrees centigrade. Note that the 
power factor and capacitance at 1 milli- 
meter pressure are not much different than 
at 10 millimeters pressure. All manufac- 
turers get about 4 to 5 millimeters pressure 
when drying cables in large tanks, whereas 
the authors’ samples were dried and tested 
in alaboratory. These curves show us that 
it would not be worth while to go to the 
expense of obtaining 1 millimeter pressure. 
Also, they help us to assure the cable pur- 
chaser that we do thoroughly dry our cables 
before we impregnate them with oil. When 
we come to oil filled cables, we can work to 
much lower pressures—about 50 microns 
because of the nature of the cable design 
and the way it is handled, namely, in a lead 
sheath. Here again we are able to dry our 
cables thoroughly. I am quite interested in 
the values of residual moisture as a function 
of drying pressures as shown in figure 10. 
The authors computed the moisture content 
from their test data. I think this is unique. 
I wish they had also determined it by the 
well-known physical methods and compared 
results. According to actual measurements 
of moisture content of the paper after im- 
pregnation and then removal of the oil, we 
get lower values than are possible according 
to the curve in figure 10. This may be due 
to a slightly higher drying temperature that 
we use. If we assume lower moisture con- 
tents than shown in figure 10, then accord- 
ing to figure 11 we should get lower power 
factors, and we actually do—on dry cables 
about 0.2 to 0.3 per cent power factor, 
0.002 to 0.003 on the scale shown in figure 
Hate 


W. A. Del Mar (Habirshaw Cable and 
Wire Corp., Yonkers, N. Y.): The formula 
for the calculation of minimum moisture 
content is exceedingly interesting and may 
have applications to other forms of insula- 
tion than dry paper. For instance, it might 
be of great value in the estimation of mois- 
ture content of rubber compounds. It 
would add greatly to the value of the paper 
if the authors would give either the deriva- 
tion of the formula or the assumptions 
upon which the formula is based. 

It is obvious that the distribution of 
moisture in the insulation is unknown. Two 
extreme conditions may therefore be as- 
sumed, one where the moisture is in series 
with the remainder of the insulation and the 
other where it is in parallel. Formulas 
based on these 2 assumptions would seem 
to give the extremes between which the true 
moisture content must lie. 

A very similar formula to that given in the 
paper may be derived by considering the 
moisture to occupy the entire space, but to 
be attenuated in specific inductive capacity 
proportionately to its expanded volume. 
We might refer to this as a ghost condenser. 
The other condenser would consist of the 
dry cellulose fibers and might be called a 
skeleton condenser. If we imagine the ghost 
and the skeleton to be superimposed, we 
have the 2 condensers in parallel and their 
joint capacity is related to the moisture 
content as in the authors’ formula for 
except that —1 does not appear after K,,. 
This would have very little effect on the 
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numerical value of M as K, is of the order 
of 48. 

I am able to add a few words in substan- 
tiation of the discussion by Roper (ELEc- 
TRICAL ENGINEERING, March 1935, pages 
323-4). Some cable which has been on 
test on the Commonwealth Edison Com- 
pany’s system for 9 years at about 60 per 
cent over its rated voltage has been removed 
and power factor tests made, both of the 
entire cable and of the individual tapes. 
It was found that the increase in power 
factor suffered by the entire cable was many 
times as great as that suffered by the in- 
dividual tapes. This can only be inter- 
preted as showing that the deterioration of 
a cable in service takes place principally in 
the oil between tapes. 


G. M. L. Sommerman (American Steel and 
Wire Co., Worcester, Mass.): This paper 
is another in a series of contributions by 
Doctor Whitehead and his associates in 
which, by careful control of experimental 
conditions and accurate measuring technique, 
they have been able to deduce a number of 
correlations in the basic properties of a 
product too often thought to be incapable 
of rational explanation. 

It appears that the relationships between 
the various electrical properties and mois- 
ture, while very striking, can be stated only 
qualitatively as yet. The amounts of mois- 
ture calculated are admittedly probable 
minimum values. It has been assumed ap- 
parently that the moisture is distributed in 
sheets parallel to the electric field, since 
this distribution will give the formula for 
M used. This formula can be put in the 
form 

Ko Co — C 
M, = 100 ea G (1) 
which, for the values used in the paper, 
reduces to 


Be Oe ee Co (2) 
0 


If the moisture is assumed to be in series 
distribution, i. e., in thin sheets bounded 
by equipotential surfaces, a corresponding 
formula, true for any electrode system, can 
be derived, thus 


zs Ku eee Co — C 
M, =H 100 Kea Kee ae Cae (3) 
which, for the same values, gives 
Co 
M, ~ 42 -— (4) 


Since the moisture is actually distributed 
along the walls of capillaries largely per- 
pendicular to the field, the actual effect will 
be somewhere between those for series and 
parallel distributions, of the order of 
Co — OC 

a (5) 


It would be interesting to check this figure, 
since the range of possible variation is rather 
large, by actual tests for moisture content, 
such as the standard xylol test. A rough 
idea of its correctness can be obtained by 
calculating the moisture content at the 
beginning of the drying run at 110 degrees 
centigrade, figure 1 of the paper, at which 
time Co = 973 micromicrofarads. The 
results are M, = 1.2, M, = 10, and M, = 
5 per cent. The last figure is about right 


M, ~ 20 


since some of the original probable 10 per 
cent of moisture is removed in heating the 
specimen up to 110 degrees centigrade. 

It also appears that K,, the dielectric 
constant of water, may vary considerably 
with the degree of dryness. Leaving out of 
consideration chemically combined water, 
the water present at the condition of greatest 
dryness is a monomolecular film of adsorbed 
moisture. These water molecules are prob- 
ably so tightly bound that they cannot 
orient appreciably with an applied electric 
field, so that the dielectric constant is prob- 
ably little higher than that of electronic 
polarization only, or about 2. For subse- 
quent adsorbed layers, the forces of attrac- 
tion are reduced more and more, and the 
increased freedom of motion gives rise to 
higher values of dielectric constant, and 
finally, for the most loosely held water, the 
full value of 80 is approached asymptotically. 
Such a variation of the dielectric constant 
of water with its concentration naturally 
leads to departures from the linear relation 
between moisture content and capacity 
change exemplified in equations 2, 4, and 5. 
It is interesting to note that the departure 
is much less for the series distribution 
(equation 3) than for the parallel distribu- 
tion (equation 1). The actual behavior 
can, of course, be checked by the direct 
tests for moisture content. 


Cable System Neutral 
Grounding Impedance 


Discussion of a paper by J. E. Clem published 
in the January 1935 issue, pages 30-40, and 
presented for oral discussion at the cables 
session of the winter convention, New York, 
N. Y., January 24, 1935. Other discussions 
of this paper were published in the March 
1935 issue, page 324. 


F. O. Wollaston (Commonwealth Edison 
Co., Chicago, Ill.): The author’s theory 
applied to the 12 kv system of the Common- 
wealth Edison Company indicates that with 
the present 3 ohm neutral resistances, the 
arcing ground overvoltages would not exceed 
about 2.3 times normal. This result is not 
in accord with operating experience. At 
least 80 per cent of the 12 kv line failures 
cause overvoltages in excess of 3.2 times 
normal. This indicates that the proposed 
criterion for effectively grounded systems is 
based on the wrong assumptions. 

The overvoltages on the 12 kv system 
were measured by needle gaps connected to 
some substation busses distributed through 
the system. The gaps have timing devices 
which record the time of occurrence of each 
surge, so that they can be correlated with 
other occurrences on the system. In the 
5 year period ending December 1932, 87 
surges were recorded which exceeded 3.2 
times normal, and 72 of these were definitely 
correlated as occurring at the time of line or 
apparatus failures. The records of line 
failures show that only about 2 out of the 
50 or so 12 kv line failures per year cause 
a simultaneous or secondary. failure in 
another 12 kv line. These secondary fail- 
ures invariably occur in cable or joints hav- 
ing insulation of poor quality and so it 
appears that the stirges are relatively harm- 
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less with the present neutral resistance of 
.3 ohms. Insulation of fair to excellent 

quality has never failed from transient 
voltages on our system. 

The data justify the suspicion that there 
is an element of risk in adopting the pro- 

posed criterion, which suspicion is not dis- 
pelled by careful reading of the paper. If 
the resistance per neutral were to be in- 
creased from 3 ohms to the theoretical 
maximum safe value of 21 ohms, calculated 
from the author’s formula, then the over- 
voltages might become definitely hazardous 
both to cables and to terminal apparatus. 
The author states that switching surges 
would not be increased if our neutral re- 
sistance were increased. This statement, 
if reliable, would dispose of the element of 
risk if all the surges measured by our spark 
gaps were switching surges. However, so 
little is definitely known about system tran- 
sients that there is no justification for 
assuming that we are getting nothing but 
switching surges under fault conditions. 
We are going to make a more detailed 
analysis of our data to determine, if possible, 
the conditions under which the higher 
transient voltages occur. 

In one test on an artificial transmission 
line (see figure 113, ‘‘Electric Transients,” 
Magnusson, Kalin, and Tolmie, first edi- 
tion) recurrent overvoltages of about 2'/, 
times normal occurred through some action 
of the circuit which was distinctly different 
from the theory of this paper. The results 
were equivalent to obtaining 21/, times 
normal voltage on the faulted phase of a 
3 phase line with solidly grounded neutral. 
In cables under fault conditions the elec- 
trical circuit has distributed resistance, 
inductance, and capacitance, and an arc in 
shunt which represents a highly variable 
conductance. With the conductance of the 
arc varying erratically between zero and 
infinity, an infinite variety of both traveling 
waves and oscillations may occur, which 
may reach dangerously high values under 
some conditions. There is still a good deal 
of theoretical work and field experimenta- 
tion to be done before the subject of tran- 
sients on cable conductors and permissible 
maximum neutral impedances is satis- 
factorily settled. 

It is news to us to find the author’s state- 
ment (page 33, column 1) that the operating 
engineers have tentatively accepted the 
proposal of the Insulated Power Cable 
Engineers Association to consider that the 
limiting safe value of calculated arcing 
ground overvoltages is 3 times normal. 
This limit for overvoltages lasting perhaps 
a few seconds seems unnecessarily conserva- 
tive in view of our operating experience and 
the fact that each reel of high voltage cable 
at the factory withstands a test of about 4 
times normal for 15 minutes, and repre- 
sentative samples withstand tests of about 
4 times normal for 6 hours. 

There are some errors in table V, which 
deals with the system of the Commonwealth 
Edison Company. The values in item la 
are microfarads, not millifarads. These 
figures, which are obscurely referred to as 
values of LK, are values of C, as defined 
in the paper. Thus x, and the resistances 
in item 4 can be readily calculated from the 
proposed formula R = 1.15X., and it will 
be found that the figures given in item 4 
are erroneous. The correct values, reading 
from left to right, are 34, 21, 537, 654, and 
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495 ohms. An item of information which 
should have been given is that the frequency 
is 25 cycles for the 9 kv system, and 60 
cycles for the others. The 9 kv and 12 kv 
systems are each normally operated in 2 
independent parts with only one neutral on 
each part, the total LK and kilovoltampere 
shown in items la and 1) being divided 
between the 2 parts. 


R. D. Evans (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): The author has 
presented a formula for giving the relation 
between system constants to limit the volt- 
age to ground to 38 times normal. The 
formula is based on the theory of arcing 
grounds, that is, the phenomenon in which 
overvoltages are produced by cumulative 
action of alternate initiation and suppression 
of an arc to ground. It is evident that the 
value of the paper depends largely on the 
prevalence of cumulative arcing grounds. 
As indicated in the paper, the theory of 


cumulative arcing grounds is subject to an 


increasing amount of skepticism. In 1931] 
Eaton, Peck, and Dunham reported the 
results of certain tests whose object was to 
obtain data on cumulative arcing phe- 
nomena on aerial lines, but it was found 
that the voltages with unstable arcs were 
no higher than with stable arcs. 

In supporting his theory Clem cites the 
early operating experiences with ungrounded 
neutral systems. While there is no doubt 
that overvoltages were encountered in the 
operation of extensive ungrounded neutral 
systems with aerial lines, we fail to see that 
it is permissible to draw the conclusion that 
these voltages were necessarily the result of 
the mechanism which he has assumed. 
Overvoltages from grounds and switching 
operations have been recorded which are 
comparable in magnitude to the values of 
cumulative arcing ground voltages calcu- 
lated according to the theory which assumes 
that the arc characteristic changes are 
governed by the fundamental frequency 
wave. Overvoltages of about this magni- 
tude have been obtained by artificially 
made grounds in staged tests. 


P. A. Jeanne (Bell Telephone Laboratories, 
Inc., New York, N. Y.): The term c,, in 
formula 1 of the paper is defined as the 
average mutual capacitance between pairs 
of conductors, and later the statement is 
made that in a 3 phase circuit using shielded 
cables or single conductor lead sheathed 
cables c,, becomes infinite. By going back 
to Clem’s previous paper on ‘‘Arcing 
Grounds” (A.I.E.E. TRANSACTIONS, volume 
49, July 1930, page 986) it will be found 
that the mathematical definition of the 
term C,, shows it as the reciprocal of the 
coefficient relating the charge on one wire 
to the potential resulting from it on a second 
wire in the equations which express potential 
in terms of charges for a multiconductor 
system. While under this definition C,, 
becomes ‘infinite for a shielded cable, it is 
not mutual capacitance in accordance with 
the usual understanding of the term. It is 
true that there has not been unanimity of 
usage of the term “mutual capacity” but I 
believe it.is more commonly understood to 
mean- the capacitance existing between 2 
wires either alone or, if in the presence of 
other ‘conductors, under certain specified 


conditions regarding the latter. For in- 
stance, the definition of mutual capacitance 
in the proposed American Standard Defini- 
tions reads: “‘Mutual capacitance between 
2 conductors is the capacitance between 
them when the other (x — 2) conductors, 
including ground, are connected together 
and then regarded as an ignored conductor.” 
In this sense the mutual capacitance be- 
tween pairs in a shielded cable would be 
equal to half the capacitance from conductor 
to sheath. Thus, while Clem handles the 
term C, properly in the formulas, the 
definition which he gives to it appears to be 
in error and is likely to be confusing to those 
who use his paper. 


J. M. Dunham (Bell Telephone Labora- 
tories, Inc., New York, N. Y.): In figure 3, 
page 34, the author has shown the diagram 
of the discharge circuit which he used in 
determining the discharge leakage factor 
(1 — a). My understanding is that this 
circuit represents the conditions imme- 
diately following arc extinction, and for this 
condition the capacitance to ground of the 
previously faulted conductor is a part of 
the discharge circuit. JI should like to ask 
if the effect of the capacitance to ground 
of the previously faulted conductor should 
not be included in the determination of the 
discharge leakage factor. 

At the top of page 385, first column, in the 
definition of C, it is stated that ‘‘C is the 
capacitance to ground and third conductor, 
when the third conductor is assumed as 
grounded, of each of 2 conductors in multi- 
ple.” Since the third conductor is not 
grounded during discharge I should like to 
know why this conductor was assumed 
grounded. 

In equations 77, 78, and 79 on page 39 
the last term under the radical should not 
be squared. This, I believe, is a typo- 
graphical error. In equation 80 which is 
obtained by dividing equation 79 by equa- 
tion 78, not equation 73 by equation 72, as 
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stated, it appears to me that a term VE 
has been omitted, since the equation as 
given can only be obtained if X, = Xp. 
According to definition, these 2 values are 
not equivalent. I wonder if this is a typo- 
graphical error and if not whether table V 
will be changed when the correct ratio Re 

w 


is used. 


J. R. Eaton (Consumers Power Co., Jack- 
son, Mich.): This paper refers primarily to 
overvoltages which may occur on cable 
systems; however, a previous paper by the 
same author applies this theory of over- 
voltages to overhead transmission systems. 
The author has referred quite briefly to 
certain staged tests which were conducted 
to study overvoltages from arcing grounds. 
He may refer to tests which were made on 
the Consumers Power Company system and 
which possibly warrant further discussion 
at this time. 

The major part of this transmission sys- 
tem, consisting of approximately 2,000 miles 
of overhead lines ranging in voltage from 
11 to 140 kv, is operated with the neutral 
ungrounded; and since the theory points 
out that such a system should be frequently 
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subjected to extreme overvoltages, it is only 
natural that an extensive study of this 
phenomenon should be undertaken by the 
company. The field study of this subject 
was begun in 1930 and is continuing up to 
the present time. 

In all cases, the tests have consisted of 
measuring the line to ground voltages at 
the time of line to ground faults on the 
transmission system. The measurement of 
voltage has been made by conventional 
magnetic oscillographs supplemented in 
practically all cases by surge voltage re- 
corders installed to record any overvoltage 
of a frequency too great to be recorded by 
the magnetic oscillographs. The study has 
included the measurement of voltage during 
staged tests and during transient fault con- 
ditions occurring on the actual operating 
system. The staged tests have been con- 
ducted on lines varying in length from 1.5 
to 226 miles, and at line to line voltages 
ranging from 57 to 140 kv. Various tests 
have been made to determine the effect 
of fault locations with reference to other 
system apparatus, arcs have been estab- 
lished by almost every conceivable method, 
and check tests have been made with solid 
ground faults so that no arcing condition 
existed. 

Details of the staged tests have been 
reported previously (‘‘Field Studies of Arc- 
ing Faults on Power Lines,” J. R. Eaton, 
J. K. Peck, and J. M. Dunham, ELEctrRIcAL 
ENGINEERING, November 1931, pages 857- 
60, and ‘“‘Petersen Coil Tests on 140 Kv Sys- 
tem,”’ J. R. North and J. R. Eaton, Evec- 
TRICAL ENGINEERING, January 1934, pages 
63-74). A description of the records made 
during transient conditions on the actual 
operating system of the company is included 
in the paper by C. L. Gilkeson and P. A. 
Jeanne (‘“‘Overvoltages on Transmission 
Lines,’’ ELECTRICAL ENGINEERING, Septem- 
ber 1934, pages 1301-9). 

In the 74 individual staged tests and the 
350 transients occurring on the operating 
system, there has not been a single case 
definitely showing the piling up of voltage 
with the restriking of the arc as required by 
either the normal frequency or oscillatory 
frequency arc extinction theories. 

Overvoltages of the order of 3.5 times 
normal have been recorded on the 140 kv 
operating system, but are accounted for by 
an entirely different phenomenon. More- 
over, the oscillograms of all these faults 
showed no behavior peculiar to the arcing 
ground fault as compared with the solid 
ground fault. The oscillograms of ground 
fault currents, that is, the current through 
the arc made during the staged test, very 
rarely show any tendency of the arc to 
extinguish and restrike as is required by the 
arcing ground theory. In a few cases 
where restriking was noted, the arc had 
stretched out to the point that it was un- 
stable and was introducing so much resist- 
ance into the circuit that voltage to ground 
on the sound conductors was lower than 
during a condition of uninterrupted arc 
current. Arc current was substantially a 
power frequency sine wave, having super- 
imposed some third and fifth harmonics. 

While it is realized that the existence of 
any condition cannot be disproved by any 
amount of negative information, we do feel 
that, if arcing ground overvoltages occur 
on overhead lines from a trapping of charge 
on the line as described in the paper, they 
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evidently require some special condition 
and very rarely exist on the isolated neutral 
system of this company. We stand ready 
to make a thorough study of arcing ground 
overvoltages whenever somebody can show 
us a method of producing them on a prac- 
tical operating system. In writing definite 
standards, it seems very desirable to give 
serious consideration to field studies of arc- 
ing ground voltages rather than relying 
entirely on a theoretical analysis. 


C. A. Powel (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): This paper again 
draws attention to the unsatisfactory situa- 
tion in regard to a definition of what con- 
stitutes an effectively grounded system. 
This was recognized by the subject com- 
mittee on grounding of which I was chair- 
man in its second report submitted in 
March 1931. (A.I.E.E. TRANSACTIONS, 
volume 50, Sept. 1931, page 892.) The 
report included certain definitions to make 


possible a comparison with the first report, . 


but the committee was not satisfied with 
them and arranged for a companion paper 
by R. D. Evans and S. H. Wright (‘“‘“Some 
Effects of Unbalanced Faults,’? ELECTRICAL 
ENGINEERING, June 1931, pages 415-20) in 
which it was shown that a system with the 
neutral of some transformers or generators 
connected directly to ground might be less 
effectively grounded than a neighboring 
system grounded through resistance or re- 
actance. It was suggested that such terms 
as “solidly grounded” and ‘reactance 
grounded” be dropped and that the ‘“‘degree 
of grounding”’ be expressed as the “‘ratio of 
the zero sequence impedance to the positive 
sequence reactance of the system.” It is 
interesting to note that Clem makes use of 
this ratio in a term in which he evaluates 
neutral shift in terms of system constants. 
It would seem, however, that the zero 
sequence impedance ratio itself presents a 
more fundamental relationship than neutral 
shift. 


Transient Voltages on 


Bonded Cable Sheaths 


Discussion of a paper by Herman Halperin, 
J. E. Clem, and K. W. Miller published in the 
January 1935 issue, pages 73-82, and pre- 
sented for oral discussion at the cables session 
of the winter convention, New York, N. Y., 
January 24, 1935. 


E. R. Thomas (The New York Edison Com- 
pany, New York, N. Y.): In the New York 
area insulating sheath joints are installed on 
100 miles of single conductor cable. The 
sheath sections are cross-bonded by the 
Kirke-Searing method. This installation is 
used on cables operating at 45, 27, and 11 
kv. Some of the cable has been in opera- 
tion since 1928 but to date we have not 
noticed any effect of a transient voltage of 
sufficient magnitude to have left any indica- 
tion of its presence. 

This high voltage cable which is operated 
with cross-bonding connections of the 
sheath is different in one respect from that 
discussed by the authors of the paper. 
The switching operations on the cable are 


generally confined to other voltages than 
those at which the cross-bonded cable is 
operated and, therefore, transformers appear 
in the electrical circuit as shunt impedances 
to that part of the circuit which contains 
the cross-bonded sheaths. 

I believe the authors of the paper are to 
be congratulated in presenting a composite 
résumé of a subject which is extremely 
complex in all its phases and I would like 
to suggest that they might well continue 
their investigation, particularly to deter- 
mine what the relative magnitudes of direct 
current transients may be when cables which 
have their sheaths cross-bonded are subject 
to transient voltages incidental with the 
energizing and discharging of the cables 
during high voltage tests with rectified 
current. 


Resistance and Reactance 


of 3-Conductor Cables 


Discussion of a paper by E. H. Salter, G. B. 
Shanklin, and R. J. Wiseman published in the 
December 1934 issue, pages 1581-9, and 
presented for oral discussion at the cables 
session of the winter convention, New York, 
N. Y., January 24,1935. Other discussions 
of this paper were published in the March 
1935 issue, pages 324-6. 


D. W. Roper (Commonwealth Edison Co., 
Chicago, Ill.): This paper gives for the 
first time some interesting technical infor- 
mation regarding the reactance of 3 con- 
ductor cable with the belted type of insu- 
lation and also of shielded conductor cable 
of 2 different types of construction. The 
paper calls attention in a gentle way to the 
precautions which must be observed in 
ordering cable of different types to be ope- 
rated in parallel, but the example given by 
the authors in the first column on page 1585 
of the paper is not well chosen. The ex- 
ample would have been more typical if they 
had discussed the problem of installing a 
shielded-type 3-conductor cable in parallel 
with the 350,000 circular-mil 15-kv cable 
with belted insulation already in service. 
This is the type of a problem that is ordi- 
narily met by the utility engineers, as by far 
the larger portion of 3 conductor cable now 
installed is of the belted type. Reference 
to figure 5 of the paper shows that no size 
of shielded conductor cable will operate in 
parallel with such a line and properly divide 
the load without an external reactor in 
series with the belted type of cable already 
installed. A reference to this figure will 
also show that the same comments apply to 
any of the commercial sizes of cable above 
4/0 American wire gauge, or 211,600 circular 
mils. 

One of the alleged advantages of the 
shielded conductor type of 3 conductor 
15 kv cable is that it has a larger carrying 
capacity, because of the better radiating 
characteristics and the higher permissible 
operating temperature; but this type of 
cable also commands a correspondingly 
higher price. If the additional carrying 
capacity of the shielded conductor cable is 
desired, it can be obtained by using a some- 
what larger size conductor in 3 conductor 
belted cable at practically the same cost 
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per foot, so that in comparing the total cost 
of the completed installation of 2 lines using 
these 2 types of cables, the purchaser is 
faced with the additional cost of the external 
reactance to be installed in series with the 
belted cable already in place, in order to 
~ make it divide the load properly with the 
proposed line of shielded conductor cable 
without any compensating advantages. 


W. H. Cole (The Edison Electric Iluminat- 
ing Co. of Boston, Mass.): Unfortunately 
the magnitude of the effects of certain 
well-known fundamentals are not always 
known or appreciated at the outset when 
unusual sizes or types of apparatus, equip- 
ment, or transmission lines are under con- 
sideration or construction. Such a. situa- 
tion appears to have existed some 5 years 
ago when The Edison Electric Illuminating 
Company of Boston proposed to install some 
shielded type transmission cable of un- 
usually large capacity. 

As a result the company found itself, 
early in 1930, in possession of 2 important 
station tie line cables which did not measure 
up to their expected value as transmission 
units within $40,000 of what the company 
then had a full right to expect, or if the pres- 
ent design value of a-c losses in equivalent 
conductor size cables are accepted as a 
basis, the deficiency amounts to approxi- 
mately $25,000. These deficiencies are of 
the order of from 5 to 8 per cent. These 
costs do not include any allowance for sta- 
tion capacity or changes in external re- 
actors required to produce proper division 
of load between these cables and older 
cables already in place. 

The events leading up to the discovery of 
the deficiency are substantially as stated 
by the authors but are not material to this 
discussion. 

The work performed by the joint group of 
investigators and the authors of this paper 
should be very useful in future cable 
practice if properly interpreted. For in- 
stance, the data given in figure 5, in my 
opinion, support the contention that mag- 
netic material has no substantial value in 
shielded cable construction. I can hardly 
imagine a case where an engineer would pre- 
fer high reactance cable as a means of effect- 
ing proper division of load. Cable lines are 
frequently altered in length or ‘‘cut over” 
and combined with other cables having 
possibly different destinations. External 
and more flexible means of controlling load 
division should, therefore, usually be prefer- 
able to the means inherent to intentionally 
high reactance cable. 

The authors find that compact stranding 
of conductors reduces radial or contact re- 
sistance and thus effects a reduction in 
proximity effect losses. In view of this re- 
sult, one might expect still lower proximity 
effect losses with a solid conductor. Grant- 
ing that solid conductors are not prac- 
ticable, we should know by actual test the 
relative magnitude of proximity effect 
losses in them. 

Early in the progress of the work de- 
scribed by the authors I suggested that by 
test on a full sized cable model proximity 
effect losses be determined for solid con- 
ductors of large cross section. My pur- 
pose was to obtain basic information since 
at that time there seemed reason to doubt 
the accuracy of published values. I sug- 
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gest and hope, therefore, that if the authors 
cannot cause these fundamental determin- 
ations to be made, some university or tech- 
nical institute may undertake the job. 

If both isolated strand and solid con- 


ductors are prohibitive types of conductors, 
we should have reliable data for practicable 
conductor design so that at least we might 
know toward which construction extreme 
the trend should be. 


Standardization of Noise Meters 
R. G. McCurdy, January 1935 issue, pages 14-5. 


Noise Measurements for Engineering Purposes 
B. G. Churcher, January 1935 issue, pages 55-65. 


Measurement of Noise From Power Transformers 
A. P. Fugill, December 1934 issue, pages 1603-8. 


Measurement of Noise From Small Motors 
C. G. Veinott, December 1934 issue, pages 1624-8. 


Quieting Substation Equipment 
E. J. Abbott, January 1935 issue. pages 20-6. 


Discussion of a group of papers presented for 
oral discussion at the noise session of the 
winter convention, New York, N. Y., January 
23,1935. 


P. L. Alger (General Electric Co., Schenec- 
tady, N. Y.): Everybody knows that the 
public wants quieter living conditions, as 
manifested by a growing and insistent 
demand for quieter apparatus. However, 
very few know how this need is being met, 
or are conscious that there is any program 
for making progress in this new field. This 
symposium demonstrates the progress that 
has been made in defining and controlling 
noise and suggests the further progress 
which we may expect in the future. 

At the Institute’s convention in 
Rochester, N. Y., in May 1931, the possi- 
bility of the control of noise by design meth- 
ods was suggested, and our ability to meas- 
ure it was demonstrated. However, there 
was no common language for describing 
noise, and any real understanding of it was 
confined to a few laboratory experts. 
Largely stimulated by the discussion there, 
subsequent discussions led to the formation 
in January 1932 of the American Standards 
Association’s sectional committee on acous- 
tical measurements and terminology, which 
brought out in May 1934 the first draft of a 
proposed standard, establishing an adequate 
language for describing noise and a funda- 
mental method of determining the loudness 
of any sound. 

Now, we have presented to us the basis 
of a proposed standard for noise instruments 
that will enable measurements made by 
any one anywhere to be truly compared 
with past and future measurements. When 
this standard comes into actual use, we shall 
for the first time have an industrial tech- 
nique for measuring noise, which may well 
mark the birth of the real science of noise 
control. 

Papers also have been presented showing 
how noise instruments may be used to de- 
scribe and improve noise conditions, fore- 
casting the imminent general use of numeri- 
cal loudness to describe noise and to specify 
required noise levels. It is evident that all 


industries, such as building, air condition- 
ing, domestic appliance, and others con- 
cerned with living conditions, will find it of 
great advantage to take up the use of these 
new instruments and to so develop their own 
testing methods that the noise produced by 
their apparatus may be clearly specified. 
Besides this rapid development in the 
use of noise instruments and noise specifica- 


. tions that may be expected, we may look 


for the development of accepted levels of 
quietness for various living conditions. 
Just as we have comfort levels of tempera- 
ture, humidity, and light, so may we expect 
confort levels of quietness for the home, the 
office, and the street to be determined by 
the scientists, and established as measures 
of desirable quality in all forms of apparatus. 


E. J. Abbott (nonmember): The general 
experience at the laboratory of the Univer- 
sity of Michigan agrees well with Churcher’s 
observations. We agree with him that no 
present meter measures loudness as defined, 
and that if one wishes to determine this 
quantity it is necessary to use ear compari- 
sons. We also agree that a scale of loudness 
in which twice as loud numbers correspond 
to twice as loud sounds is obtained only 
with a scale approximately like that given 
in the appendix of his paper. We also agree 
that ear judgments seem to be a proper 
basis for such a scale. 

Our differences seem to be largely a 
matter of degree. In making loudness 
balances we have usually encountered a 
range of about 20 decibels among the 
individual observers, while we have never 
encountered discrepancies of more than 5 
decibels between noise meter measurements 
and the average judgment of a group of 
observers. We have not encountered the 
difficulty with harmonic sounds which he 
reports, although as mentioned in his paper 
we did make tests on just this type of tone. 
Measurements show that the loudness of a 
combination of harmonic notes can be 
changed by as much as 10 decibels by alter- 
ing the relative phases of the components, 
at least at high levels (‘“‘The Influence of 
Phase on Tone Quality and Loudness,’ 


437 


E. K. Chapin and F. A. Firestone, Acoustical 
Society of America Journal, January 1934, 
page 173). 

From the engineering viewpoint, per- 
haps the most practical application of sound 
measurements is to determine the relative 
importance of various components or sources 
of noise in order to know what sounds must 
be reduced in order to obtain quieting and to 
locate the parts of the mechanism to which 
attention must be directed. On the basis 
of these data, experiments are devised after 
which measurements are made to determine 
which sounds are changed and how much. 
Our experience has been that properly 
weighted and interpreted sound pressure 
measurements are very satisfactory for this 
purpose and that such instrumental meas- 
urements are far more valuable than 
audiometric observations for this class of 
work. As Fugill has pointed out, specifica- 
tions based on such data appear to be 
sufficient to insure a given level of quietness, 
even though the loudness as determined by a 
jury of observers is not measured. 

In connection with Veinott’s paper, we 
have come to place slight confidence in a 
single sound measurement taken at any 
position or in any sort of enclosure, even 
for relative comparisons. For routine in- 
spection of a given type of product, this can 
sometimes be accomplished after investiga- 
tion to make sure that proper comparisons 
are obtained. For use in connection with 
development, or for comparisons among 
different models or different types or sizes 
of unit, conclusions based on single readings 
are likely to be very misleading. 

In the course of the discussion it was 
pointed out that 2 transformers which are 
equally loud nearby are not equally loud 
at a distance if their frequency analyses are 
different. This is a direct consequence of 
the variations in frequency response of the 
ear with level as indicated in figure 2 of my 
paper. The different types of noise can be 
differentiated easily by properly weighted 
instrumental measurements. 

Another of the discussers raised the point 
as to the relative advantages of frequency 
analyses and total noise readings. We 
regard these as supplementary rather than 
alternate measurements and use either or 
both, depending on the needs of the prob- 
lem. This symposium was of great interest 
to me as it appears that we are passing from 
a consideration of units, instruments, and 
scales to the application of sound measure- 
ments to practical problems, which after 
all is the essential engineering feature of 
sound measurement. 


L. J. Gorman (The New York Edison 
Co., New York, N. Y.): The papers of 
this symposium treat the problem of noise 
measurement in electrical equipment in a 
practical manner. There is no doubt of 
the urgent need for standardization in noise 
measuring equipment and in the technique 
for measuring noise in various classes of 
machinery. It is believed that the sym- 
posium will do much to promote the desired 
standardization. 

Our experience during the past 4 years 
has given us considerable faith in the noise 
meter as an aid in the practical solution of 
noise problems as they occur on our system. 
These problems include noise and vibra- 
tion from transformers, blowers, and various 
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substation and utilization equipment. Our 
experience in this work checks very closely 
with that reported in the papers by Fugill 
and Abbott. Our procedure for making 
noise tests is quite similar to that outlined 
in these papers. 

The greatest difficulty in making noise 
measurements in the field is to obtain loca- 
tions where the background or street noise 
is sufficiently low, even during the quiet 
periods of the early morning, to give satis- 
factory test conditions. The best that we 
can expect is about 30 decibels based on the 
old reference level or 44 decibels based on 
the tentative reference. When making 
tests for total noise on transformers in the 
yard, the surroundings such as building 
walls, etc., do not seem to have an important 
influence provided they are distant 50 feet 
or more from the transformer. Considera- 
tion, however, must be given to standing 
waves and effects of the deflection of sound, 
particularly in field tests where measure- 
ments are made at considerable distances 
from the source. If the difference between 
the total noise and the background noise is 
10 decibels or more, the background noise 
will have no material effect on the result. 
If the difference is less than 10 decibels, 
a correction must be made. 

It is believed that the present noise instru- 
ment design can be improved. C. G. Vei- 
nott has suggested 2 or 3 desirable modifica- 
tions from the standpoint of field use. 
These include a flat frequency response with 
provision for cutting in a weighting net- 
work, and head phones arranged so that the 
noise can be heard while the reading is 
taken. The quality index suggested in his 
paper is often very helpful in measuring 
total noise where a complete frequency 
analysis is not warranted. We have found 
it advantageous to use something quite 
similar in several of our noise investiga- 
tions. However, a good analyzer is an 
essential part of every noise measuring 
equipment. 

The question of a standard of noise and a 
practical procedure for calibrating and 
checking noise instruments is of fundamental 
importance. In so far as we know, there 
are no authoritative standards by which 
one manufacturer can make his noise instru- 
ment agree with another of different manu- 
facture. There are no practical means by 
which the purchaser of a noise instrument 
can be assured that its calibration will 
agree with one of a different make. As 
shown by Fugill, instruments of different 
manufacture may disagree by as much as 
8 decibels. Experience has shown that the 


' noise instrument is practical but there is an 


urgent need for a little standardization in 
the matter of calibration. 

We are now discussing noise measure- 
ments in terms of the tentative. reference 
intensity of 10-16 watts per square centi- 
meter, corresponding to a pressure reference 
level of 0.0002 dyne per square centimeter. 
There are numerous field data on noise 
based on the reference of 0.001 dyne per 
square centimeter, and it is believed that 
there are still in use many noise instru- 
ments in which the scale is based on the 
old reference. When comparisons are made 
between data based on the old and new 
reference levels, there is likely to be some 
confusion unless the difference is kept in 
mind. The change in reference level has 
the effect of increasing the noise scale 


approximately 14 decibels; that is, the 
scale reading for a given noise based on a 
reference level of 0.0002 dyne per square 
centimeter will be 14 decibels higher than 
the same noise measured with reference to 
a level of 0.001 dyne per square centimeter. 

Our most difficult noise problems have 
been with comparatively quiet equipment 
located where the noise is transmitted by 
vibrations set up in floors and building 
framework. For this reason, vibration 
and its measurement and treatment should 
be very closely correlated with noise studies 
on electrical and other machinery. It is 
obvious that machinery noise is the result 
of some form of mechanical vibration. It 
seems probable that some relationship 
can be established and a procedure deter- 
mined by which noise conditions could be 
predicted from a knowledge of the vibra- 
tion. This would be of particular advantage 
from a manufacturing standpoint, and in 
locations where noise measurements are not 
practicable. 


H. Fahnoe (nonmember): The papers by 
Fugill, Abbott, and Churcher cover a large 
amount of data on the measurement of 
noise emitted from transformers. They 
bring out the facts that standardization of 
noise instruments and auxiliary equipment 
is very desirable, that under certain specific 
conditions fairly consistent results can be 
obtained, and that the results obtained with 
commercial noise ‘instruments should be 
carefully analyzed in order to get the proper 
interpretation. 

Fugill, in addition to presenting the ex- 
perimental data, even at this early stage of 
the art, suggests that he is ready to include 
values for permissible noise of transformers 
in the purchasing specifications for such 
equipment. 

Granted that in the near future it is 
possible to measure either the total noise of 
transformers or its components with a fair 
degree of accuracy under specified condi- 
tions, the art has not progressed so far that 
the designer can predetermine the noise or 
the distance that a transformer of a new 
design can be heard. This holds true 
whether this measure of noise is expressed 
in decibels, or average vibrational velocity 
of tank surface, or average amplitude of 
tank vibration. The manufacturer may 
therefore be taking some risk if he accepts a 
hard and fast noise clause in a specification, 
since it is frequently next to impossible to 
correct a noisy transformer without a com- 
plete redesign. 

For the investigation of noise from trans- 
formers, the modern noise instrument is a 
very valuable apparatus for both the manu- 
facturer and the operator. It has enabled 
the manufacturer to analyze in great detail 
the source of noise emitted from trans- 
formers and thereby suggested remedies for 
its reduction. 

The major fundamental source of trans- 
former noise is the core. In a well built 
transformer, the tank vibrations caused by 
the load current are in general only of funda- 
mental frequency (120 cycles in a 60 cycle 
transformer) and these vibrations are rela- 
tively small compared to the vibrations 
caused by the excitation of the core at the 
flux densities generally used in power 
transformers. The core is practically the 
sole generator of the even and odd harmonic 
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vibrations present. Depending upon the 
quality of the steel used in the core, the 
higher harmonics decrease rapidly with 
decrease in flux density, leaving the funda- 
mental and second harmonic as the principal 
- vibrations transmitted to the tank surface. 
Because of the large number of require- 
ments of the tank construction, it is ex- 
ceedingly difficult to predetermine its vi- 
brational characteristics. A certain amount 
of experimental data has been obtained 
which may guide the designer, but the 
possibility of obtaining partial resonance of 
a certain wall or cover section is always 
present. 

From the manufacturer’s standpoint, the 
method of specifying transformer noise as 
decibel ‘‘total noise’? has many objections 
from a test standpoint. With the core 
worked at such a flux density that prac- 
tically only the first and second harmonics 
are present, the “‘total noise’ measured with 
a noise instrument at a relatively large 
number of locations around the transformer 
will in general be closely related to the dis- 
tance at which the transformer can be heard 
in free space. However, if large extraneous 
noises are present or interference patterns 
are produced from surrounding buildings, 
the “total noise’? measurements are of 
little value. Such measurements should 
therefore be made in a relatively large open 
space. Since it would not always be possible 
to make the test at a definite date, due to 
unfavorable weather conditions, etc., this 
method would frequently interfere with the 
production schedule. Fugill mentions the 
possibility of making such tests inside the 
manufacturer’s factory buildings at night. 
In general, the testing department is located 
close to the generating equipment supplying 
power to the test. The noise from the rotat- 
ing machinery will practically completely 
mask the noise coming from the transformer. 
We have found that even with the trans- 
former located nearly centrally in a separate 
large building, such a large number of inter- 
ference patterns are produced that the 
“total noise’? measured has no relation to 
the distance the transformer can be heard. 

In our investigation we have made great 
use of measuring the vibrational velocities 
of the vibrating surfaces by means of a vi- 
bration pickup connected to the noise 
instrument. Where these vibrations have 
been reduced principally to fundamental 
and second harmonics, our data seem to 
indicate that such values when properly 
weighted will represent some measure of the 
distance at which the transformer can be 
heard. These measurements are taken at a 
large number of regularly spaced points of 
the tank surface, and where only 2 fre- 
quencies are involved, the readings can be 
taken in a relatively short time. For in- 
stance, a 6,000-kva, 3-phase 13,200-volt 
transformer was analyzed in approxi- 
mately 4 hours. These measurements of 
course can be taken in any suitable location 
except for stray fields. They also might be 
taken on customers’ premises, preferably 
when it is permissible to disconnect the 
load. It would have been interesting if 
Fugill had made such tests on some of the 
units he investigated, because a considerable 
amount of experimental data will have to be 
obtained before definite conclusions can be 
drawn as to the suitability of such measure- 
ments as a measure of the loudness of a 
transformer. 
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Measurement of Noise 
From Power Transformers 


Discussion of a paper by A. P. Fugill pub- 


lished in the December 1934 issue, pages” 


1603-8, and presented for oral discussion at 
the noise session of the winter convention, 
New York, N. Y., January 23, 1935. 


E. T. Norris (Ferranti Ltd., Hollinwood, 
England): We have experimented with 
noise instruments employing frequency 
weighting networks, but have not found 
them satisfactory as yet. A number of 
subjective audiometers, as described in 
Churcher’s paper, are available in this 
country, and will no doubt find consider- 
able application. The great difficulty, 
however, is to determine standard conditions 
of test which will permit direct comparison 
between transformers working under differ- 
ent operating conditions. In this con- 
nection the results of the third group of 
investigations being carried out by the 
author will be awaited with interest. 

For analysis work and for the most ac- 
curate comparison, we have found it 
necessary to develop an apparatus in which 
the noise is analyzed by filtering out each 
component of frequency. In this way the 
results of every measurement can be ex- 
pressed in decibels for each component 
harmonic. Although such an apparatus is 
much more cumbersome than the subjective 
audiometer, it is portable, and has the ad- 
vantage that the effect of extraneous noises 
is largely eliminated. With this apparatus 
the distribution of noise emission over the 
whole surface of transformer cores has been 
explored and a similar study made on the 
completed transformer in its tank. The 
effects of stiffeners and flanges on the 
natural frequency of tank side vibrations 
were studied extensively. Sound measure- 
ments have also been made on many trans- 
formers of different types and sizes on site 
during normal operating conditions. For 
this purpose a sound analyzing apparatus 
was installed in a motor van and sent on 
tour. 

I notice that the author has measured 
only the noise emitted from the sides of the 
transformer. This is not usually of prime 
importance in the case of apparatus in- 
stalled in the open air. Very often other 
apparatus or low walls cut off the noise in 
that direction. Noise is usually most ob- 
jectionable to local residents, and particu- 
larly so at night when the residents are in 
bed. We found it necessary, therefore, to 
examine the noise emission from the cover 
of the transformer, as in many cases this 
had a more important effect than the sides. 

As an alternative to exploring the noise 
emission over the whole surface of the 
transformer by means of microphones situ- 
ated a few inches from the tank walls, we 
found measurement along a fixed line 25 
yards away and 15 feet high a satisfactory 
method. The horizontal distance of 25 
yards is based on the assumed nearest 
residence and the height of 15 feet represents 
a bedroom in that residence. For stand- 
ard comparative measurements the micro- 
phone was arranged on a portable tripod of 
this height. 

It appears from our investigations that 
there is no single and complete solution to 


the problem. Since much of the noise 
emission depends upon the natural fre- 
quency of vibration of the mechanical 
parts of the transformer, any change which 
removes this natural frequency outside the 
objectionable audible range in either direc- 
tion will be an improvement. Thus, trans- 
former radiators and plain nonreinforced 
tank walls (unless circular) do not usually 
cause much trouble as their natural fre- 
quencies are well below 120 cycles. How- 
ever, increasing the thickness of the tank 
wall, or adding stiffeners in order to reduce 
mechanical vibration, may raise the natural 
frequency and make matters worse by bring- 
ing it into the more audible range. Stiffen- 
ing and clamping, however, become effec- 
tive if carried far enough to bring the 
natural frequency above the audible range. 


Noise Measurements 
for Engineering Purposes 


Discussion of a paper by B. G. Churcher pub- 
lished in the January 1935 issue, pages 55-65, 
and presented for oral discussion at the noise 
session of the winter convention, New York, 
N. Y., January 23, 1935. 


A. P. Fugill (Detroit Edison Co., Detroit, 
Mich.): Churcher has presented some per- 
tinent conclusions based upon an extensive 
series of carefully performed experiments. 
I am particularly interested in the results 
of his comparisons of noise measurements 
by the subjective and objective methods, 
using, respectively, the audiometer with 
which the noise being measured is balanced 
against an adjustable standard reference 
tone until the 2 are judged equal, and the 
total noise instrument which sums up the 
sound energy of the component notes in the 
measured noise, according to a selected 
weighting curve and converts the results to 
a readable electrical quantity. In the re- 
mainder of this discussion, I shall refer to 
the former instrument simply as an audiome- 
ter and to the latter as a noise instru- 
ment. 

As I interpret the paper, the experiments 
showed that while many types of noise gave 
essentially equal results by both methods 
of measurement, certain ‘‘harmonic’’ noises 
which were checked gave values with the 
audiometer as much as 30 decibels higher 
than the results obtained with the noise 
instrument. In view of the thorough 
manner in which the investigation was 
carried out, the volume of data obtained, 
and the lack of conclusive evidence to the 
contrary, it seems that we should accept 
Churcher’s findings as indicating that such 
a discrepancy between the 2 methods of 
measurement actually does exist for cer- 
tain types of noise. I am particularly con- 
cerned with the effect of this conclusion on 
the use of the noise instrument for the 
measurement of noise from power trans- 
formers. Unfortunately, Churcher did not 
include this equipment in his experiment, or 
at least did not mention the fact in his paper. 
I have a feeling, however, for reasons which 
will be mentioned shortly, that, for power 
transformers, this discrepancy dwindles to 
an insignificant amount. 

Let us grant for the moment that this 
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difference in results is appreciable and see 
how that affects the use of the noise instru- 
ment for specification and acceptance test 
purposes. If you wish to specify the toler- 
able noise in a transformer to be purchased, 
you cannot refer to a table of average values 
for motor generators, turbines, automobile 
traffic, and the rustle of leaves, and choose a 
value which seems to be about what you 
would like. The best way to determine the 
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Fig. 1. Analysis of power transformer noise 
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value to include in your specifications— 
I almost am tempted to say the only way at 
the present time—is to select a transformer 
installation as similar to the proposed one 
as possible which, by experience or by a 
concensus of opinion of competent judges, is 
deemed acceptable as to noise. Then witha 
noise instrument as we have done, or with 
any other method of measurement which by 
experience has proved itself to be reliable, 
dependable, and accurate for comparisons 
of noise from similar equipment, measure 
the noise from the reference unit to obtain a 
value to be included in the specifications. 
When the new unit arrives, measurement of 
noise from it by the same method will deter- 
mine whether the specification has been 
met. Obviously to make such technique 
valid, the instrument used must give re- 
sults which are compatible with the im- 
pressions obtained by ear, even though the 
power transformers compared are different 
in general design. We have used instru- 
ments to measure the noise from many 
different designs of transformers, which by 
analysis of the component notes we know to 
have quite different sound patterns, and 
have always found when any comparison 


by ear was possible that the transformer » 


noises which gave higher readings on the 
instrument sounded louder to a person 
listening to them. Whether 2 noises, one 
from a power transformer and one from a 
motor generator or turbine, which gave 
equal results on the noise instrument, 
would sound equally loud to a person listen- 
ing to them is really of no practical impor- 
tance for this particular purpose although 
it would make the general situation of noise 
measurement simpler. 

It would be necessary, of course, to specify 
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the type of noise instrument used in setting 
up the specifications and the manufacturer, 
if he cared to check the noise, would have to 
use the same type of instrument, but that 
will be necessary, regardless of the type of 
instrument used, until such time as calibra- 
tion standards are adopted and universally 
accepted. Looking at the situation from 
the purely practical viewpoint, the use of 
the noise instrument for specification and ac- 
ceptance test purposes assures us that, if 
the specification is met, we will get a trans- 
former essentially as quiet as we asked for, 
and that is all that is required of any method 
for this purpose. 

I mentioned at the start that perhaps for 
power transformers this difference between 
methods might be negligible. I would like 
to support this statement by a little data 
which we have collected. I believe Churcher 
feels that the audiometer method in which a 
person listens to a noise with one ear and to 
a reference tone in an earphone with the 
other duplicates accurately the impressions 
received by a person listening to a noise with 
both ears uncovered in the normal manner. 
I wonder whether this is always true even 
with the precautions taken to make it so. 
Granting that it is, however, his results 
would indicate that if a person judged a 
harmonic and a nonharmonic noise to be 
equal, the noise instrument would give a 
lower reading for the harmonic noise, and 
the difference might reach 30 decibels in ex- 
treme cases. In addition to the measure- 
ments of noise from power transformers, we 
have used the noise instrument to a limited 
extent to measure noise from gears, motors, 
fans, turbines, automobiles, and miscellane- 
ous equipment, and have never found any 
evidence of this effect. Since most of this 
equipment was in actual service, there was 
little opportunity for direct comparisons. 


quate methods of comparison to judge 
equality between noises as close as 5 or 10 
decibels, we decided to carry out a few 
experiments under conditions more favor- 
able for direct comparison. Although we are 
primarily interested in power transformers, 
we included other harmonic noises more 
nearly in the class of the ones Churcher in- 
vestigated, to see if we could detect the 
effect he found. 

As has been stated many-times, the court 
of last resort in all noise problems is the 
human ear. To be sure, it is at times a 
fickle and unreliable judge, but we must 
admit that if complaints of noisy equipment 
are received at all, they are on the basis of 
how the equipment sounds and not on the 
basis of readings on any instrument. 
Therefore, we thought it best for the few 
comparisons we had time to make to allow 
the individual to listen directly to the 
noise with both ears, unhindered by any 
mechanical device. The technique of com- 
parison was very simple and one might say 
unscientific; but we believe it gave us the 
facts we were seeking. We merely allowed 
the experimenter to listen naturally with 
both ears uncovered to 2 noises alternately; 
one a harmonic noise and the other non- 
harmonic. The loudness at the ear was 
modified by changing the distance from the 
source or by controlling the volume of the 
source. When the individual decided that 
both noises sounded equally loud to him, 
measurement of each noise was made with 
the noise instrument and the readings com- 
pared. If the effect which Churcher found 
in his tests were pronounced, for the equip- 
ment being compared, wide discrepancies 
should be found in the 2 comparative read- 
ings. During the series of experiments, 
4 experimenters made a total of about 60 
comparisons for a number of different pieces 


Table I—Equal Loudness Comparisons Between Harmonic and Nonharmonic Noise, 
Natural Listening vs. Measurements 


Noise Equipment Compared 
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Average Results, Decibels* 
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*Results in decibels above the reference pressure o {0.0002 dynes per square centimeter were obtained by 
average noise instrument measurements for each group after harmonic and nonharmonic noises had been 


judged equal by ear. 
than the harmonic noise. 


However, the concensus of opinion of several 
of our experimenters who have been engaged 
in this work is that any of these nonharmonic 
noises which gave a meter reading of from 
15 to 30 decibels higher than the noise from 
a power transformer sounded much louder 
to the ear. It is not difficult to discern a 
difference of this amount even after the 
lapse of a reasonable time. Since it was 
impossible, of course, under such inade- 


The plus sign indicates that the nonharmonic noise gave a higher instrument reading 


of equipment, and the average results for 
each group of similar comparisons were de- 
termined. To produce the harmonic noises, 
we used a 500-kva single-phase oil-immersed 
self-cooled transformer, 3 100-kva single- 
phase O.1.S.C. transformers, a small 0.5 
kva filament transformer, a 1.25-kva air- 
cooled induction regulator, and a magnetic 
loud speaker excited at 60 cycles. To pro- 
duce the nonharmonic noises we used 3 
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automobile engines, a fan on a unit steam 
radiator used for heating, 2 single-phase 
fractional horse power induction motors, 2 
single-phase fractional horse power com- 
mutator type universal motors, and a gas 
lighter for a domestic furnace. 

With this method of comparison, we ex- 
pected to find that a given individual would 
be unable to repeat his results consistently 
on check tests, but we were agreeably sur- 
prised to discover that this was not the 
case. Apparently each person had a defi- 
nite idea as to the values he considered 
equally loud, even though the noises being 
compared were radically different in charac- 
ter so that on check comparisons for the 
same equipment, but under slightly differ- 
ent conditions, he would repeat within 1 or 


2 decibels. As would be expected, there was 


a greater difference in the results of indi- 
viduals than of the same person on check 
tests. 

The results of the investigation are given 
in table I of this discussion. The last 
column giving the average difference in 
instrument readings for the 2 classes of 
noise indicates that only in groups D, H, 
and J did the effect which Churcher found 
appear, and then the indication was very 
slight, 3.5 decibels maximum. In all other 
cases, and particularly for groups A, B, 
and C involving the power transformers, 
when the individual judged the 2 noises to 
be the same the noise instrument gave equal 
readings. Obviously, this investigation 
was not extensive enough to offer as con- 
clusive evidence. Considerably more work 
would be necessary before the results could 
be used as definite proof. These facts are 
offered, however, as an indication that for 
much of the transformer equipment used by 
power companies perhaps the noise instru- 
ment, after all, does give results compatible 
with the impressions on the human ear even 
when compared to nonharmonic noises. 

There is one factor I should like to men- 
tion which is an additional reason why this 
might be so. Churcher points out that the 
fewer the component notes, the less the dis- 
crepancy between the 2 methods. Power 
transformers, and for that matter any dis- 
tribution transformers we have measured, 
have 10 or even more measurable compo- 
nents but usually 2 or 3 frequencies pre- 
dominate. Figure 1 of this discussion shows 
some analyses of noise from power trans- 
formers which are typical for those we have 
measured. Obviously, the points con- 
nected by lines are for one transformer. 
The magnitude is plotted in terms of equiva- 
lent loudness obtained by applying the 
loudness curves proposed by the American 
Standards Association, so that each com- 
ponent is shown about as it affects the noise 
instrument reading. It will be noted that 
usually 2 or 3 components are about 10 
decibels higher than the rest. In all prob- 
ability, then, power transformer noise com- 
pares essentially to the harmonic noises of 
2 or 3 components which Churcher meas- 
ured, and would not show much discrepancy 
even according to his results. 

It is quite clear that much more work, 
both practical and theoretical, must be 
done before noise measurement becomes a 
finished art. The present equipment, 
however, is an entirely practicable tool and 
will give satisfactory and correct answers to 
most noise problems if intelligently used. 
We personally prefer the noise instrument to 
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any method which depends upon the in- 
definite character of a pair of human ears, 
or 2 or 3 pairs, and we believe most power 
companies will find it more satisfactory. 
We do not believe that the discoveries 
Churcher has made invalidate the use of 
the noise meter for the measurement of the 
noise of most power equipment, harmonic 
or nonharmonic. Whether you prefer the 
audiometer or the noise instrument is of no 
great importance. The main point is that 
this equipment is ready for use and unless 
the power industry and other industries use 
it in its present form, without waiting until 
perfection is attained, progress in noise 
measurement will be unnecessarily retarded. 


Control of Transients in 


Welding Generators 


F. B. Hornby, December 1934 issue, pages 


1598-1602. 


Transient Voltages in 


Welding Generators 


A. R. Miller, September 1934 issue, pages 
1296-1301. 


Discussion of papers presented for oral dis- 
cussion at the electric welding session of the 
winter convention, New York, N. Y., January 
23, 1935. 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): The great 
divergence of opinion on arc welding and 
entirely opposite points of view was brought 
home to me very forcibly during a recent 
trip to Europe when I made inquiries with 
regard to such questions as a-c versus 
d-c welding, bare versus covered electrodes, 
etc. On the continent there is a strong 
leaning toward welding with direct current 
and with bare or lightly covered electrodes 
for everything except high quality work and 
very special requirements, while in England 
there is a preference for a-c welding with 
covered electrodes for all work. However, 
in view of the many variables entering into 
this question, it is not at all surprising to 
find such differences in opinion. 

The material to be welded, the material 
used in the electrodes and more particularly 
the materials used for the various types of 
coatings, the size of the electrodes, the 
character of the structures to be welded, 
and the uses made thereof, the amount of 
current used, the characteristics of the cur- 
rent supply, relation of labor to material 
costs, the skill of the welder, and a great 
many other variables make the entire prob- 
lem one that is very confusing indeed. 
In addition to this, I feel that much of the 
difference in opinion can be attributed to 
the fact that a different type of work is ex- 
pected in each individual case. In many of 
the discussions carried on by expert engi- 
neers, the quality of the weld is stressed as 
being of greatest importance, which, of 
course, is the correct point of view in many 
cases. However, there is a great deal of 
work in which quality is not as important a 
factor as the cost of the weld, which in turn 
is closely tied up with the speed at which the 


metal can be deposited. It is quite im- 
aginable that for this latter type of work 
certain characteristics of the power supply 
would prove very favorable, while for high 
quality work different characteristics would 
be preferable. 

Although it is generally conceded that for 
high quality work covered electrodes are 
to be preferred, there is still considerable 
difference in opinion as to whether ordinary 
work can be done more economically with 
alternating or direct-current, or with bare 
or covered electrodes. A rather careful 
analysis carried on in Germany indicates 
that with the relatively high cost of covered 
electrodes and relatively low labor rates for 
the welding operation, decidedly lower costs 
can be obtained with bare electrodes. In 
England, it seems to be the opinion that 
the lowest costs can be obtained with cov- 
ered electrodes. Recent indications in this 
country are that for smaller welds, assuming 
equal sizes of electrodes and the use of direct 
current, the cost of welding with covered 
electrodes compares quite favorably with 
that done with bare electrodes, while for 
heavy plate welding the cost with bare 
electrodes seems to be appreciably lower. 
However, with the somewhat heavier elec- 
trode wire which can be used satisfactorily 
with covered electrodes, it has been found 
that in some cases welding of 1/, inch fillets 
can be done most economically with cov- 
ered electrodes; in welding 1/, inch fillets 
there seems to be little difference; but for 
larger fillets the cost with covered electrodes 
still exceeds that with bare electrodes. 

With reference to alternating versus direct 
current, in using very heavy currents al- 
ternating seems to compare favorably with 
direct both in cost and quality, while with 
smaller currents direct seems to be in general 
more advantageous, particularly in cost. 
From these relations it might be concluded 
that with heavy direct currents the presence 
of transients would not be objectionable, 
while with the smaller direct currents they 
might be disadvantageous. This in turn 
may be one reason for the differences in 
opinion. 

On the whole, these considerations in- 
dicate that investigations and discussions 
regarding any one of the variables may be of 
little value unless the other variables in the 
cases being compared are similar, or at least 
such that the difference in them can be 
definitely evaluated. A few interesting 
articles have recently appeared covering 
studies of this nature, but I believe that it 
would be well for the committee on welding 
to sponsor further papers covering carefully 
conducted investigations of this nature. 


T. M. Linville (General Electric Co., 
Schenectady, N. Y.): This discussion is. 
presented to show the transient voltages 
and currents which occur in the split-pole 
self-excited generator described by Hornby. 
The analysis is applicable to any welding 
generator and is similar to that which 
Miller has presented, although the method 
is different in many respects. In addition, 
the writer wishes to compare Hornby’s 
type of generator with the conventional 4 
pole generator having a differentially wound 
series field from a reactance point of view. 
Moreover, a foremost object of the dis- 
cussion is to present 2 criteria for compar- 
ing, in the case of 2 or more generators, 
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the relative stability of the arc and the ease 
with which it can be ignited. 

All welding gnerators consist funda- 
mentally of 2 circuits, the exciting circuit 
(with constant exciting voltage) and the 
welding circuit, the latter including the 
armature and series field of the generator. 
It is necessary to reduce the magnetic 
coupling of these 2 circuits in order to 
produce a good welding machine free from 
serious transients. 

Any discussion of transients ought to be 
related to their effect upon welding. 
Hornby concludes his paper by stating that 
“there is considerable disagreement in re- 
gard to the relations between the welding 
generator characteristics and the production 
of good welding.’’ However, probably 
everyone will agree that some surging of 
current will produce more nearly constant 
heat at the arc and will result in stronger 
welds of greater depth. (Ernst Scharz in 
V.D.I. Zeitschrift, Nov. 15, 1930, volume 
74, pages 1565 and 1567, figures 3 and 4, 
shows photographs of depth of weld show- 
ing appreciably deeper welds with a current 
of 180 amperes when the peaks are 430 
amperes than when the peaks are 340 
amperes.) However this may be, it is 
absolutely necessary to limit these surges 
to the point where the operator may ignite 
and hold a steady arc without trouble. 
This latter quality in a welding generator is 
outstanding. Therefore, analyses such as 
Miller’s applied to actual machines mean 
a great deal especially when the effect of the 
transients on the arc stability is known. 
In this discussion it will be shown how the 
transients are related to stability. 

From these remarks, it is assumed that in 
designing a welding generator the transients 
are to be controlled only to the point which 
will positively insure easy operation for the 
operator. This does not mean their com- 
plete elimination. Such procedure will re- 
sult in a successful, economical, generator 
giving the least variation of heat at the weld 
with a steady, nonsplattering arc, easy to 
ignite and easy to hold. 


CURRENT TRANSIENTS 


Considering the current on sudden 
changes in arc length or short circuit, the 
diagrammatic arrangement of windings 
and connections of the split pole generator 
have been shown by Hornby in figure 2 
of his paper. Let the transient impedance 
of the field circuit from brush E to brush 
A be (7, + px:) where p is the operator 
d/dt, and the total transient impedance 
of the welding circuit be (72 + px2) exclusive 
of the arc. Then let x,, be the total mutual 
inductance between the 2 circuits. 

The exciting voltage may be expressed 
over the working range by 


Gye + Ke (4 — Ip) 

where 

E = normal open circuit excitation voltage 
Io = normal open circuit exciting current 
4; = instantaneous field current 

volts per ampere of field current 


= slope of main pole saturation curve 
over working range. 


Also let 


K; = slope of main pole saturation curve 
over working range. 
= volts per ampere of armature current. 
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Fig. 1. Comparison of calculated and meas- 
ured short circuit currents of 400-ampere 40- 
volt welding generator; 85 volts open circuit 


calculated values 


Top: Maximum setting; 
837 ¢710.5t — 


from the equation 978 + 
1820 €~56t 


Bottom: Minimum setting; calculated values 
from the equation 109 + 164 «78.22 — 
97367 56t 


Finally, the saturation curve of the cross 
pole is linear where 
Ko = volts per ampere of armature current. 
K, = volts per ampere of field current. 
Then if e2 is the arc voltage and 7, the arc 
current, the voltage equations for the 2 
circuits are, for the welding circuit, 
E+ K; (ty om Io) + Kit, + Ky, — Kotz = 
€2 + (ro 4- px2) t2 — Xmpty (1) 


and for the field circuit 


E+ Ko (4; — Io) + Kste = (1 + Pm) tr — 
Xm Pte (2) 
Short circuit is equivalent to suddenly 

applying a voltage equal and opposite to e 

thereby bringing the arc voltage to zero. 

Therefore, in place of é is written (e2 — @1) 

where 1 is the operational unit function. 

The solution of the equations, resulting 

directly from application of the expansion 

theorem, gives for the short circuit current 


Rye (E = Esto) (1 + Ki) ate 
(ry = Ks + x01) Enemit 
ay (2Qacy, + b) 
(n — Ko + X10) Enea 


a2 (2da2 + b) ns (3) 
where @ = xX. — Xm? 

b = (r — Ka)x2 +(r2 + Ko—K3) X 
Mie (K2 Sp KG ae Ks) Xm 

¢ = (re + Ko — Ks) (1 — Ke) = 
K; (K, + &) 

ce “EES 

2a 


aye A2e- (62 = 4ac) 
2a 


The steady state volt-ampere characteris- 
tic is given by the first term of equation 3. 

Calculations made for a developmental 
generator are compared in figure 1 of this 
discussion with the actual current recorded 
by the oscillograph. 

It should be noted that all of the coeffi- 


cients in the equations can be determined 
by simple arithmetic from the design data. 
That is, the inductance of any circuit is 
proportional to the product of the turns 
and the slopes of the saturation curves 
for the 2 poles. It is not strictly necessary 
to make elaborate calculations for leakage 
inductances as these can be taken care of 
by the ordinary factors used for them in 
routine design. 

For the analysis of current surge on sud- 
den change in arc’length it is necessary to 
find an expression for the are voltage. 
Seeliger (“Physick der Gasentladunger,”’ 
page 286) gives for the voltage of an arc 
between iron electrodes 
9.4 + 151 (4) 


where / is the length of the arc in millimeters. 
Ludwig and Silverman (‘‘Are Stability 
with D-C Welding Generators,” A.I.E.E. 


v = 15.5 + 2.51 + 


TRANSACTIONS, volume 52, Sept. 1933, 
pages 987-93) use 
v=A — Bi 


for the straight line portion of the charac- 


’ teristic. 


The calculation here will be limited to 
surges along the straight line portion. 
Therefore, the calculation of current when 
the arc is drawn out from short circuit is 
made from equation 1 and 2 substituting 
(Al — e) for eg and (r2 — B) for 7. A and 
B are the coefficients for the Ludwig- 
Silverman arc characteristic for the length 
LI to which the are is suddenly drawn. 

When the arc is suddenly changed from 
an initial condition 


U = Ag — Boto 

the substitutions are 

[((A — Ao) 1 — e + Ao] for ee 
and (72 — B) for /e. 


There are 2 impulsive changes, namely, 
one of ¢: and one of rz. However, the re- 
adjustment of the initial current to the sud- 
den change in 72 will be neglected. Ordi- 
narily this is satisfactory, for the change in 7; 
is small. 

Making the above substitution in equa- 
tions 1 and 2 gives the current for a change 
in are length as follows: 
de — 

(Al +E—Keh)(m—Ke)+ 
(E—KoIo) (K2+K1) ri 
(re -B+Ko—Ks) (r, Ke) —K; (K2+Ki) 
(rm — Ke + mar) (Ao — A)e™# 
an (2aay + b) 


(r1 — Ke + maz) (Ao — A )e%2t 5 
a2 Qaa» + b) (5) 
where @ = xX1X_9 — Xm? 
b = (rn — Ky) xm + 


a 
I 
— 
ec 
i) 

| 


JB EP ISG). = IK) XX 
(rn — KR) = IKE (K2 + K) 


rae A eee 
2a 


ay) ee 
2a 


This equation is useful in predicting the 
stability of the arc. For example, if 
values of Ao, A, and B are substituted 
(representing an arc suddenly drawn out to 
10 millimeters from short circuit) and the 
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resulting current surges negative it is 
obvious that the are will go out. If the 
current surge is entirely along the straight 
line portion of the arc characteristic, it is 
equally certain that the are can be held. 
Therefore, it is possible to calculate roughly 
how far the electrodes may be separated 
and the arc maintained. 

Ludwig and Silverman point out that the 
arc has a transient characteristic as though 
it was inductive. That is, the transient 
characteristic is 


: da 
ve A.— Bet ls, 


The inductive term is neglected in deriving 
equation 5. Its existence makes it doubly 
certain that a stable are according to equa- 
tion 5 will be stable in reality. 


VOLTAGE RECOVERY 


When the arc is extinguished, the voltage 
recovery is calculated assuming the arc to 
be broken instantaneously. The formulas 
apply to any initial arc current or for short 
circuit. 

Immediately upon extinguishing the arc 
there is an instantaneous induced voltage 
rising to a relatively large value. This kick 
voltage will help to hold the are and pos- 
sibly will restrike it but the important 
quality of voltage recovery is not a large 
kick, but a large sustained voltage available 
instantaneously to hold the arc. When ig- 
niting the arc, the machine is short cir- 
cuited and the terminal voltage is zero. 
Then the electrode is pulled away from the 
work drawing out a 25 to 50 volt arc accord- 
ing to how far the electrode is raised from 
the work and how skillful the operator is. 
Ordinarily the energy stored in the reac- 
tance of the welding circuit is dissipated 
very quickly and the arc will continue 
only if the terminal voltage of the generator 
has recovered to 25 or 50 volts, as the case 
may be, in the short interval of time. Since 
the kick voltage is not important and is not 

-harmfully large, it is not concerned in this 
calculation. It is desired to calculate the 
generated terminal voltage. When the 
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Fig. 2. Curves of voltage recovery after 
short circuit of the generator of figure 1. 


Top: Maximum setting; calculated values 
from the equation 61 + 24 (1 — e72.5t) 


Bottom: Minimum setting; calculated values 
from the equation 52 + 33 (1 — e72-4t) 
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are or short circuit is broken this rises at 
once to 50 per cent or more of full voltage 
and then builds up exponentially. 

The calculation is made by determining 
the field current at the first instant and its 
decay, expressing the voltage in terms of 
this current. Induced current arises in- 
stantaneously tending to hold the flux 
linkages of the field circuit constant. 

At the first instant, assuming that the 
current is suddenly interrupted, the field 
current is 
‘ Sop 
4 = Ip 2 Foss (6) 
where x, is the mutual inductance between 
the field circuit and the welding circuit and 
4 is the self-inductance of the field circuit. 
The interrupted arc current is J, and the 
initial field current Jo. 

The instantaneous voltage rise is given 
in volts by 


a= (Wb) (+k) + 

= E— Kel) (7) 
This expression gives practically all of the 
information desired, the subsequent slow 
exponential recovery being of no great im- 
portance. 

The latter can be calculated by deter- 
mining how the current 7; behaves. From 
equations 1 and 2 when the armature circuit 
is open, there is only 


E+ Koti — Io) = (n + mb) 
The decrement factor governing the field 
current is, from this equation 
yo Ko 


x1 


a= 


The sustained current is 
LIS IAG 
T= Ko 
and the initial current is given by eq 6. 


Therefore, the complete equation for the 
field current is 


I, 


_ _ E—Kely _ 

Aa, T4; aa Ks 
E- Kolo i Xm —(n = Ka)t 
rues et Qh+dT; = € ia (8) 


and the complete equation for the voltage 
recovery is given by 


(Ky + Ke) (E — Kalo) 
eS Ch 
r, — Ke 
E — Koki -h+h®])x 
1 


ry — Ke 


(Ki + Ki) A! 


For any open circuit voltage é:2, 


e2 


ie koera ke 


When the arc length is suddenly changed, 
unless the arc is extinguished, the voltage 
must follow the arc characteristic and about 
as accurately as can be stated this is 
eg = A- Biz 
where A is the coefficient of the arc charac- 
teristic for the length to which the arc is 
suddenly changed, B is the slope of the 
same arc characteristic, and 7: is the arc 
current given by equation 5. 

This voltage expression is not necessary 
since equation 5 already indicates whether 
the arc will persist or go out. If it goes 
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Fig. 3. Ease of ignition and arc stability of 

split pole welding generator on minimum 


setting 

9.4 15zl 

Arc voltage = 15.5 +2.51 + 24 

Ignition factor = Ig¢/Ks = 109/2.12 = 51 

Stability factor = lw/KgEw= 75/2.12 X 25 
= 1.4 


out the equation fails and equation 9 ap- 
plies. 

Equation 7 discloses the voltages im- 
mediately available to hold the are and its 
value is the really important quality of 
voltage recovery. 

Figure 2 shows the calculated and actual 
voltage recovery when the arc is drawn out 
and extinguished from short circuit, using 
a high speed breaker to interrupt the cir- 
cuit. The machine is the same as in figure 1. 


TRANSIENT CHARACTERISTICS AND 
Arc STABILITY 


The foregoing has already indicated how 
the stability of the welding generator may 
be foretold from the surge current and 
voltage recovery calculations. It is pos- 
sible to estimate the stability of the genera- 
tor by a very simple calculation or test. 

Inspection of equations 3 and 5 shows 
that the surge of current is always sub- 
stantially proportional to the sudden change 
in the terminal or arc voltage. Therefore, 
the surge current can be expressed by 


Oy SLRS 


where K, is the amperes per volt and Ae 
is the sudden change in the voltage. The 
value of K, can be determined most simply 
by measuring the peak short circuit current 
with an oscillograph or calculating it from 
equation 3 and dividing by the sudden 
change in terminal voltage which, in this 
case, is the initial voltage. 

Having determined K, it is possible to 
state what freedom of movement of the 
electrode is possible without extinguishing 
the arc. For example, in figure 3 of this 
discussion the volt-ampere characteristic 
for the generator of figures 1 and 2 is shown. 
For this generator, K,is 16. To determine 
what maximum length and voltage the 
arc can have when drawn out from sus- 
tained short circuit, the slope, K, = 16 
amperes per volt, is drawn through the 
short circuit point on the volt-ampere 
characteristic. Then the arc characteris- 
tic, equation 4, is plotted tangent to the 
line K, by trial and error. The value of L 
fitting the tangent characteristic is the 
maximum separation of the electrodes pos- 
sible, without “fluttering” the arc. Ac- 
tually, since the transient characteristic 
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of the are is not identical with the static 
characteristic as given by equation 4, the 
electrode may be drawn somewhat farther 
from the work. 

Although this method of determining 
stability may not give values of maximum 
are length and voltage which can be ac- 
cepted prima facie, it serves to show that 
K, is a real measure of stability. It is 
evident from figure 3 that the position of 
the tangent arc characteristic is fixed not 
alone by K, but also by the slope of the 
volt-ampere characteristic of the generator 
and by its open circuit voltage. 

Therefore, the criterion for easy ignition 
for any welding generator, at any setting, 
is the sustained short circuit current di- 
vided by K,. With those generators 
having the largest value, it will be easiest to 
strike the arc. 

Likewise after the arc is struck and weld- 
ing is in progress at any average current J, 
Iw 
aes 
In this, J,,/K, is a measure of the permissible 
sudden change in the voltage of the arc. 
It becomes a definite criterion when it is 
related to the average arc voltage Ey. 
Those generators having the largest values 
will be able to withstand the greater 
variations of the arc, such as the passage of 
molten drops and the unsteady hand of the 

operator. 


and voltage E,, the criterion is 


COMPARISON OF SPLIT POLE AND 
CONVENTIONAL GENERATORS 


Hornby states that the reactance of the 


split pole generator is greater than that of 
the conventional generator having a dif- 


Table I—Comparison of Generators 


== 


Generator Generator 


A B 
Split Ordinary 
Pole 4-Pole 
Welding amperes (rated)... . 400 400 
Welding volts (rated)...... 40 40 
Open circuit volts.......... 80 80 
Poles.. tte oitciscotushele.d 2 4 
REPS M.. ie : 1,785 1,785 
Core diameter, inches.. es 10 10 
Core length, inches. . es 5 5 
Flux per pole, makwella MAO Xe LOSe 13s 5 106 
Excitation watts........... 500 500 
Self-inductance (henries) of 
Series field winding. ..... 0.0120 0.0080 
Shunt field winding...... 1.24 12.5 
Armature winding....:. . 0.0024 0.00054 
Commutating pole wind- 
ing. 0.0030 0.00089 
Mutual inductance ienries) 
between 
Series and shunt field 
winding. . : 0.084 0.31 
Armature ade series acid 
winding. . 0.0003 0 
Armature gud ‘shunt field 
winding. . 0.0015 0 
Armature rat comm. “hole 
winding. . Mates 0.0017 0.00043 
Total  self- Ridustance. of 
welding circuit (Lw)...... 0.0146 0.0086 


Total self-inductance of field 


ICE UES) anc ce eee ci 1.24 12.5 
Total coupling inductance of 

field and welding circuits 

(M).. ¢ 0.086 0.31 
Coeiicient of magnetic coup- 

ling between the field and 

the welding circuit 

CMU N CEPA se) ak acait 0.64 9.94 
Total transient inductance 

of welding circuit (Ly — 

LAE) ES SR ORO Ce RR ON 0.0087 0.00087 
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ferential series winding. This difference is 
actually much greater than his remarks 
show. 

The reactance elements and the total 
reactance have been carefully calculated 
for 2 generators and are shown for compari- 
son in table I of this discussion. Generator 
A isa 2 pole generator with split poles and is 
self-excited. Generator B is an ordinary 
4 pole generator having a differential series 
winding. Both machines have main pole 
pieces and armature cores which are exactly 
alike; both give almost identically the same 
efficiency; both give the same volt-ampere 
characteristic; and both require the same 
watts for excitation. Generator B is 
separately excited from a 125 volt exciter. 
Generator A is self-excited from a third 
brush giving a voltage of about 40 volts. 

The inductance values are for the mini- 
mum setting of the 2 generators giving 
approximately 50 amperes at 25 volts. 
At this setting the series turns are all cut in 
resulting in the maximum magnetic coupling 
between the welding circuit and the field 
circuit. This setting creates the worst 
transients. 

It may be noted that the total transient 
inductance of the welding circuit for the 
split pole generator A is 10 times as large as 
for generator B. The magnetic coupling 
between the welding circuit and the field 
circuit is very close (0.94) in the ordinary 
generator and fairly loose (0.64) in the 
split pole generator. These differences 
make it possible to operate the split pole 
generator without a transformer or series 
reactor. 

The very close coupling (0.94) of the 
ordinary generator results because on 
the low current setting practically all of the 
inductance of the generator is from the 
series field winding which is wound en- 
circling the same flux paths as the field 
winding encircles. The calculations were 
made with the 2 windings wound on the 
poles in the ordinary close proximity to each 
other. Of course, for higher current set- 
tings when some of the series turns are cut 
out, the coupling becomes looser in both 
generators. 


High Velocity Streams 
in the Vacuum Arc 


Discussion of a paper by E. C. Easton, F. B. 
Lucas, and F. Creedy published in the 
November 1934 issue, pages 1454-60, and 
presented for oral discussion at the electric 
welding session of the winter convention, 
New York, N. Y., January 23, 1935. 


L. R. Ludwig (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): Two very 
novel results have been presented by the 
authors, sufficiently so, that care must be 
used to be certain of their validity. First, 
the suggestion that the copper arc may exist 
in 2 conditions, calls for a little more com- 
plete explanation of the way the tests were 
made than has been given in the paper. 
Each point for copper plotted in the 
curves of figures 6, 7, and 8 is presumably 
the result of a single test. It would be of 
interest to know if there was any lapse of 
time, change of material, etc., between 


test points through which A; and A;, were 
drawn which might explain the difference. 
Also, were there any measurements of arc 
drop? It seems that the tentative inter- 
pretation of the results, that is, the existence 
of the arc in 2 conditions, is too broad, even 
granting the factual evidence of the double 
curves. All that one could be certain of is 
that particles are projected with different 
mean velocities. They might also have 
different masses, and therefore not imply a 
different arc condition. Impurities in the 
copper or oxide could easily account for the 
result. 

The second novel result is the anode 
stream. Some doubt seems to be cast 
on the evidence by the deposit of cadmium 
on the vane from the shielded electrode in a 
later test. The transient condition of the 
arc and the short spacing necessitated by 
striking the arc by contact also introduce 
uncertainties. The authors are inclined toa 
thermal theory of the origin of the streams 
because of the presence of the anode streams 
as well as that from the cathode. However, 
they also state that the velocity of the 
anode stream is independent of the current, 
and this is certainly surprising on the basis 
of a thermal theory. Hence, in following 
the argument, there seems to be a contra- 
diction. In view of these facts, one cannot 
be certain of the existence of the anode 
stream from the data presented. 

In the curves in figure 11, the fact that 
2 curves are obtained suggests either that 
the attempted relation is meaningless, or 
that the relation is correct only in part. 


Multiple 
Lightning Strokes 


Discussion of a paper by K. B. McEachron 
published in the December 1934 issue, 
pages 1633-7, and presented for oral dis- 
cussion at the general overhead line problems 
session of the winter convention, New York, 
N. Y., January 23,1935. Other discussions 
of this paper were published in the March 
1935 issue, pages 332-3. 


C. L. Fortescue (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): The author 
has done a valuable service in presenting 
this study of lightning phenomena. It is 
true that while we are able to predict with 
some assurance the effect of direct hits on 
transmission lines and even protected ap- 
paratus, we know very little about the 
mechanism of the lightning stroke itself. 
The work of Schonland, later confirmed by 
Lloyd and Morris at Pittsfield, is a valuable 
contribution to our knowledge of the mecha- 
nism of lightning. It is interesting to 
note that a similar phenomenon has been 
recorded when a discharge takes place be- 
tween a point and plane as reported by Alle- 
bone, Metro-Vickers. As McKEachron says 
and as I have emphasized in the past, it is 
important that we increase our knowledge 
of the mechanism of lightning in order to in- 
crease our knowledge of the action and ef- 
fects of lightning. The necessity of thor- 
oughly shielding a transmission line is only 
now beginning to be appreciated. Some 
opposition has been experienced in the past 
when 2 ground wires instead of one have 


ELECTRICAL ENGINEERING 


been recommended to give good shielding. 

It would be interesting to know whether 
multiple strokes occur mostly with severe 
strokes or with mild strokes. In connection 
with multiple strokes, I have been accus- 
tomed to say that the interval between suc- 
cessive strokes is about !/i0 of a second. It 
is interesting to note that the smallest in- 
terval recorded is 1/¢ second. 

Dr. Harold Norinder has made cathode 
ray oscillograms of lightning surge on trans- 
mission lines in which the effect of succes- 
sive strokes seems to be indicated. Mul- 
tiple strokes are certainly a factor which 
must be given consideration in the design 
of protector tubes. 


C. F. Harding (Purdue University, Lafay- 
ette, Ind.): Although photographs and a 
few oscillographs in the past have indicated 
that some lightning discharges at least are 
of a multiple type, the data of this paper cer- 
tainly confirm that fact and show rather 
surprising evidences of many more multiple 
paths than had been previously anticipated. 
Are we sure, however, that all of these 
records are actual discharges or may not 
some of the indications be those of reflections 
from the end of the line, from substation 
taps, or from the discharge of other protec- 
tive devices upon the line? 

As it is difficult at present to visualize 
the phenomena of from 30 to 40 discharges 
in a single so-called lightning stroke or 
surge, it is hoped that this valuable research 
may be continued and be accompanied with 
traveling wave calculations upon the lines 
thus recorded to determine, if possible, an 
adequate theory to explain such. Are 
such discharges the result of the residual 
charges upon the same cloud similar to those 
of the familiar Leyden jar experiment, is 
the cloud recharged in the interval, or are 
there a sufficient number of leader strokes 
to account for the many possible parallel 
paths to ground at relatively wide intervals 
of time? 

It is not surprising that the negative dis- 
charges, which are always more numerous 
than the positive discharges, seek out the 
positive half cycles of the power supply. 
Negative surges have been shown by tests 
upon an experimental 600 kv tower line at 
Purdue University to attenuate more rap- 
idly because of the neutralization of energy 
in corona when superimposed upon the posi- 
tive half cycle. This is analogous to dump- 
ing a gas pressure into a vacuum instead of 
applying it to the back pressure or corona 
of a negative half cycle. However, is it not 
possible that such rapid attenuation may 
produce an oscillatory traveling wave at 
other points on the line which may account 
for some of the subsequent oscillographic 
records? 

Furthermore, the methods of measure- 
ment described in this paper, which now 
bridge the previous time gap between 1,000 
microseconds and 0.1 to 0.25 second, are 
of particular interest. The inability of any 
instrument to record adequately these time 
intervals has been a distinct deterrent to 
complete analysis of many phenomena in 
the past. R.H. George.and C. S. Sprague 
of Purdue University have developed re- 
cently an oscillograph upon which the rec- 
ords of a surge of such a period from switch- 
ing, accidental grounds, or other unstable 
operation, are magnetically recorded upon 
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a steel tape which is constantly in motion 
but whose record is automatically and con- 
tinuously erased until the surge occurs; at 
which time relays are set in operation to 
stop the tape after it has traveled about half 
its length, thus leaving a record of several 
seconds preceding and following the dis- 


Fig. 1. Simplified 
diagram of transmis- 
sion system 


turbance. The record is later.reproduced 
from the tape by suitable amplifiers and the 
ordinary oscillograph. 

With the general purpose cathode ray 
oscillograph developed by Professor George 
and described in his paper ‘““A New Type of 
Hot Cathode Oscillograph and Its Applica- 
tion to the Automatic Recording of Light- 
ning and Switching Surges,” A.I.E.E. 
TRANSACTIONS, volume 48, July 1929, pages 
884-90, such a surge record may be auto- 
matically initiated within 1/, microsecond 
and a length of film, if the recording drum 
be used, of over 12 feet may be traced by 
the electron jet to record the subsequent dis- 
charges. This paper should have been 
listed in the bibliography. 


Overvoltages on 
Transmission Lines 


Discussion of a paper by C. L. Gilkeson and 
P. A. Jeanne published in the September 
1934 issue, pages 1301-9, and presented 
for oral discussion at the general overhead 
line problems session of the winter convention, 
New York, N. Y., January 23, 1935. Other 
discussions of this paper were published in the 
March 1935 issue, page 327. 


J. R. Eaton (Consumers Power Co., Jack- 
son, Mich.): In the paper mention is 
made that the overvoltages on the Consum- 
ers Power Company isolated neutral system 
were of power frequency and could be calcu- 
lated by the method of symmetrical com- 
ponents. The origin of these overvolt- 
ages may be somewhat clarified by reference 
to figure 1 of this discussion, which is a 
simplified diagram of a transmission sys- 
tem showing the line to ground capacitance 
of the conductors at 3 individual points. 
At a it is assumed that the Z conductor is 
faulted, and if the fault is assumed to be 
solid or voltage across the arc is neglected, 
the voltage of the Z conductor with reference 
to ground will be zero. The voltages of the 
X and Y conductors are as shown in the 
diagram. At point 5 the voltage of the Z 
conductor will not be zero but will be of some 
appreciable value due to the flow of fault 


current through the impedance of the line 
conductor between a and b. Therefore, at 
this point, the voltage of the Z conductor 
will be approximately as shown. Because 
the fault current is a capacitance current, 
the Ez voltage vector will be in such a 
position that the delta of line to line volt- 


ages will not surround the ground: point. 
At a point c still farther remote from the 
point of fault the magnitude of the vector 
Ez will be increased to such an extent that 
it may be larger than the voltage of the un- 
faulted conductor Ey. As may be seen 
the voltage Ey on the Y conductor is now 
several times the normal line to ground 
voltage. This voltage condition was? re- 
corded by many oscillograms during ground 
fault conditions. 


A Carrier Current 
Relay Installation 


Discussion of a paper by O. A. Browne and 
W. L. Vest, Jr., published in the January 
1935 issue, pages 109-15, and presented 
for oral discussion at the general overhead 
line problems session of the winter convention, 
New York, N. Y., January 23, 1935. Other 
discussions of this paper were published in the 
March 1935 issue, pages 333-4. 


H. P. Sleeper (Public Service Electric and 
Gas Co., Newark, N. J.): Like all new 
developments this one must be put through 
a period of trial and test. All operating 
engineers will be interested in the reasons 
stated for the changing of the relay system 
from a standard balanced and time element 
single line relay scheme to a high speed 
scheme. The authors state definitely that 
it was done to minimize damage to lines 
with resulting interruptions, principally 
caused by lightning flashovers. Of course, 
general service conditions would also be 
improved by the lessened system disturb- 
ances from reduced voltage dips as a result 
of the shortened time of clearing faults. 
It is also interesting to note that changing 
the relay scheme was decided to be the 
cheapest possible method of effecting these 
results. It is a progressive company 
indeed which will recognize today the wis- 
dom of spending money solely for an im- 
provement in quality of service to its cus- 
tomers. 

It is probable that this particular installa- 
tion did not offer a typical case where the 
costs of all available forms of relaying can be 
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compared directly, but was undoubtedly 
influenced by the presence of multiended 
lines, that is, lines with more than 2 termi- 
nals each. This, of course, would cause both 
balanced and distance relay schemes to 
suffer a disadvantage and cause the sequen- 
tial clearing of many faults with a resultant 
increase in fault clearing times. Obvi- 
ously, the only scheme which would cause 
the simultaneous clearing of all faults, would 
be a differential scheme, of which pilot wire 
or its equivalent offers the only solution. 
The choice of pilot wire relaying, of which 
carrier current relaying is a branch, was 
automatically determined by the design 
of the transmission system. 

The relay engineer is interested in the 
reasons for choosing carrier current pilot 
wire protection as compared with metallic 
pilot wire protection. It is unfortunate that 
the paper did not give further data on the 
economics of these 2 schemes, particularly 
since the communication companies have 
recently expressed their desire to acquire 
such business by offering attractive rates. 
Systems in other parts of the country, par- 
ticularly the south, have found the eco- 
nomics to favor the metallic pilot wire 
scheme using cables leased from communica- 
tion companies. It is hoped that the 
authors will present further data on this 
phase of the subject. 

It is noted that the authors quote 8 cycles 
as the time setting on phase and ground 
relays at all terminals. This of course 
means a total clearing time of approxi- 
mately 16 cycles (8 cycles breaker time) 
for any fault on the transmission system. 
This is a great improvement over the 50 
to 60 cycles minimum time quoted for dis- 
tance relays on the same system, and pre- 
sumably even higher times with the super- 
seded balanced and single line relaying. It 
may, therefore, seem trite for the writer to 
state that the time of 8 cycles for the relays 
seems long. It must, however, be recalled 
that modern high speed relays are now avail- 
able to operate in a time of 1 to 3 cycles and 
therefore their average operating time is a 
quarter of that of the relays quoted. The 
effective reduction in fault clearing time 
would be, therefore, from 16 cycles to 10 
cycles, or a reduction of about 38 per cent. 
While such time savings are small in magni- 
tude, experience indicates that fault damage 
progresses as some power of time and can 
therefore be capitalized. 

Scanning the operating results obtained, 
it will be noted that 87 per cent correct 
relay operation was obtained in the period 
indicated. It is appreciated that this cov- 
ered the period of initial operation and there- 
fore no doubt included many difficulties 
such as one experiences with any original in- 
stallation. However, and with no thought 
of being critical but merely analytical, it 
would seem that this percentage is low when 
it is compared with the present day operat- 
ing results of standard relay schemes, which 
on most large systems have the percentage 
of correct relay operations annually in the 
upper nineties. It would be interesting to 
relay engineers if the authors were to give 
further information as to the basie source 
of the failures and incorrect operations in 
order that those of us without close contact 
could more readily analyze the inherent 
failure probability of carrier current relay- 
ing as compared with other commercial 
relaying schemes. 
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From a general operating standpoint, it 
is noted that 51 per cent of all faults were 
double line faults. This seems very high 
to the writer and it would be interesting if 
the authors were to state the causes if data 
are available, and particularly whether the 
causes are believed to be mostly initial 
double faults or single faults communi- 
cated to the second line. This latter point 
is especially pertinent to relay engineers 
who will agree that modern relaying, with 
associated high speed circuit interruption, 
plus, of course, proper tower design, should 
eliminate almost completely communi- 
cated faults on double circuit towers. 

Commenting on the relay scheme de- 
scribed, I believe there is an unnecessary 
operating hazard introduced in the 8 hour 


interim between the manual operating - 


checks described in the paragraph on “‘Main- 
tenance.” All circuits of other types of 
standard protective relays are today ca- 
pable of continuous supervision by proper 
control circuit design, at practically no addi- 
tional expense. It would seem that this 


feature should be capable of incorpo1ation~ 


in carrier current relay protection. Another 
undesirable feature of the equipment de- 
scribed is the necessity of using dynamotors 
to provide closely regulated alternating po- 
tential for the carrier equipment. It would 
seem that carrier current equipment could 
be designed so as to be capable of using po- 
tential with a commercial variation of + 
5 per cent. 

Lastly, it is the writer’s opinion that a 
relay scheme which requires all relays on 
the system to operate correctly for each 
fault is fundamentally wrong. The prob- 
ability of failure is obviously increased di- 
rectly with the number of relays installed 
and the percentage of correct operations is 
bound to be adversely affected, as compared 
with the scheme where only the relays on 
the affected section are involved. If such 
equipment is not commercially available 
it would seem that the desirability of re- 
search work by operating companies and 
especially manufacturers is indicated. 


Lightning Performance 


of 220 Kv Lines 


Discussion of a paper prepared by the lightning 
and insulator subcommittee of the A.I.E.E. 
committee on power transmission and dis- 
tribution published in the November 1934 
issue, pages 1443-7, and presented for oral 
discussion at the general overhead line prob- 
lems session of the winter convention, New 
York, N. Y., January 23, 1935. 


C. L. Fortescue (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): Except for 


the Wailenpaupack line no performance ' 


records of 220 kv lines have been published. 
These records have been available to those 
interested in their performance, but should 
be published. Of the lines cited in this 
report, only the following were designed 
after the theoretical studies of direct stroke 
were made available: 

1. New England Power Co., Comerford-Tewkes- 
bury line. 


2. Pennsylvania Water and Power Co., Safe 
Harbor line. 


3. Philadelphia Electric Co., 29.6 miles of Ply- 
mouth Meeting-Rosedale line. 
4. City of Los Angeles line. 

Other lower voltage lines which have been 
built more or less according to new ideas are: 
1. Osage River line between St. Louis and Bagnall 
operating at 138 kv. 

2. Cincinnati-Louisville line, 132 kv. 
3. Circuit around Indianapolis, 132 kv. 

All these lines have shown good lightning 
records during the short time they have 
been in service. In each of these, great 
care was taken to obtain good shielding. 

The practice of insetting the ground wire 
is for economic reasons and the fear of 
dancing conductors. A small inset ap- 
parently does not appreciably reduce the 
shielding effect of 2 ground wires. 

Regarding the matter of tower footing 
grounds, too much emphasis cannot be laid 
on the fact that with 220 kv insulation, 14 
to 16 insulators, it is imperative to obtain 
10 ohms or less if lightning proof operation 
is to be expected. The alternative is the 
use of counterpoises. The effect of counter- 
poises is not yet theoretically well under- 
stood, but more ample confirmation of their 
effectiveness seems to be at hand. I for 
one am glad that such ample confirmation 
that the requirem<nt of 12 ohms or less for 
tower footing resistance is not too low has 
been presented of late (‘Lightning Investiga- 
tion on a 220 Kv System,” Edgar Bell, 
ELECTRICAL ENGINEERING, August 1934, 
pages 1188-94, and ‘Lightning Investiga- 
tion on Transmission Lines—IV,”’ W. W. 
Lewis and C. A. Foust, same issue, pages 
1180-6). So many engineers have thought 
in the past that these values were unreason- 
able and simply plucked out of the air. 
As an actual fact, quite early in the develop- 
ment of direct stroke theory they appeared 
as reasonable values for 220 kv lines ap- 
proaching lightning proof characteristics. 
No doubt the addition of counterpoises 
would have a beneficial effect on lines where 
the tower footing resistances are high, such 
as the New England line. I wish to em- 
phasize 2 points: 

1. Low footing resistance with poor shielding 
will not give good performance, 

2. Good shielding without low tower footing 
will not give good performance. 

A balanced design requires good shielding 
and tower footing resistance below 10 
ohms. 


J. T. Lusignan, Jr. (Ohio Brass Co., Mans- 
field, Ohio): In table II of the paper the 
new Boulder Dam line of the City of Los 
Angeles is listed as number 18. While there 
is no service record to report as yet on this 
line, perhaps a discussion of the lightning 
protection and insulation arrangement 
chosen by the designing engineers would be 
of interest. 

As noted in the table, each circuit is 
equipped with 2 ground wires. These are 
arranged, except with greater clearances, as 
on the Safe Harbor line of the Pennsylvania 
Water and Power Co., which has had a 
remarkable lightning record. The counter- 
poise system on the Boulder Dam line, 
however, is somewhat more elaborate than 
any used heretofore. As noted at the bot- 
tom of page 1445 it is a combination of both 
the radial and continuous or parallel types 
and in effect incorporates the advantages 
claimed for both of these types. 
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With the above network for receiving and 
carrying the currents of all lightning strokes 
directed toward the conductors, the engi- 
neers have calculated the approximate volt- 
age wave which may appear across the in- 
sulator strings. 


Flashover between shields of insula- 
tor string 


Fig. 1. 


this will be the difference between the volt- 
age wave of the tower top and the net wave 
induced on the conductor by the ground 
wire and counterpoise waves. Assuming a 
negative stroke of approximately 15,000 
kv to be practically the most severe to be 
encountered, they have determined that the 
voltage wave from the conductor to the 
tower, and the one to be sustained by the 
insulators, rises abruptly to slightly less 
than 3,000 kv, remains flat for about 2 or 
3 microseconds, and then drops rapidly 
to zero. Accordingly, in all laboratory 
flashover studies and measurements on 
line insulation a wave simulating the above 
was used. 

The suspension string chosen, as noted 
in table II, consists of 24 insulator units of 
10 inch diameter and 5 inch spacing. The 
grading shields finally selected, however, 
were not the ring arrangement indicated in 
the table, since at the time the table data 
were collected rings had only tentatively 
been chosen. As a result of laboratory 
studies conducted later a new form of 
shielding arrangement was developed which 
proved appreciably simpler, cheaper, and 
lighter than the rings originally considered. 
Briefly, the line shield is in the form of a 
figure 8 with the center line of the 2 loops 
parallel to and directly above the conductor. 
The ground electrode is merely a pair of 
strap horns with ends turned up to prevent 
corona and to possess as much mass as 
possible to resist arc fusion. 

The above shielding arrangement was de- 
signed to perform the following principle 
functions: 
lator units from arc damage; and eliminate 
corona on the insulator units. The line 
and ground electrodes were so shaped and 
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In each case, obviously, 


protect the conductor and insu- . 


dimensioned that all flashovers occurred 
between their outer edges and free of the 
insulator units. The above calculated 
lightning wave conditions were simulated in 
these tests by removing all series resistance 
from the 3,000 kv impulse generator and 


Fig. 2. Flashover test on shields of dead end 
insulator string 


securing a practically flat top wave which 
reached crest in !/, microsecond and caused 
flashover in approximately 3 microseconds. 
Figure 1 of this discussion illustrates a typi- 
cal flashover secured under the above condi- 
tions. Since the relaying and switching 
arrangement of the line is designed so as to 
interrupt all flashovers within 6 cycles, it 
is apparent that there is little chance of the 
arc moving from its initial path between 
shielding electrodes and free of the insu- 
lators and conductor. 

A simplified shielding arrangement was 
developed in the same manner for the dead 
end insulator strings. Figure 2 illustrates a 
typical flashover test on the final arrange- 
ment chosen. Shielding loops were used 
only on the upper sides of the strings since 
it was possible to establish flashovers be- 
tween them under all circumstances. At 
the line end of the string the conductor 
jumper beneath it was found sufficient to 
provide the proper electrostatic field control 
on that side for reducing corona, thereby 
eliminating the need for a double shielding 
loop there. 


Constant-Cu rrent 
D-C Transmission 


Discussion of a paper by C. H. Willis, B. D. 
Bedford, and F. R. Elder published in the 
January 1935 issue, pages 102-8, and pre- 
sented for oral discussion at the general 
overhead line problems session of the winter 
convention, New York, N. Y., January 23, 
1935. Other discussions of this paper were 
published in the March 1935 issue, pages 
327-9. 


Herman Halperin (Commonwealth Edison 
Co., Chicago, Ill.): In considering the use 


- of d-c transmission on a metropolitan system 


such as that of the Commonwealth Edison 
Company, one of the first questions is the 
proper ratio of the direct to alternating volt- 
age for a given thickness of insulation in 
underground cable. Based on short time 
breakdown tests at room temperature on 
either thin laboratory samples of impreg- 
nated paper insulation or on short samples 
of cable, the literature shows that various 
investigators have found ratios ranging 
from about 2to 5. The Association of Edi- 
son Illuminating Companies cable specifica- 


tions give a ratio of 2.4. There are no data 
for the proper ratios for operating condi- 
tions at various temperatures over periods 
of many years and it would be necessary to 
obtain such data before d-c transmission 
can be used on underground cable in a com- 
mercial manner on a large scale. Of course, 
the higher the ratio, the larger would be the 
increase in carrying capacity of an under- 
ground cable by the use of d-c transmission 
instead of 3 phase a-c transmission. 

Assuming a d-c/a-c ratio of 3.0 for our 
8-conductor 12-kv cables, the operating 
voltage may be increased from 12 kv, 3 
phase, to about 40 kv for direct current. 
From what information we have available, 
it appears that this voltage can probably 
be satisfactorily withstood in the joints. 
However, if we assume the same ratio for 
66 kv cable, it will probably be necessary 
to make the joints about 18 inches longer 
than they now are. This would require 
lengthening the manholes in many cases, if 
existing 66 kv lines were used for d-c trans- 
mission. Here again it appears that data 
on the proper d-c/a-c ratio over periods of 
years are necessary. 

Assuming a 4 mile line of 500,000 circular 
mil 3-conductor 12-kv cable, and a d-c/a-c 
ratio of 3, then the carrying capacity of this 
cable in the winter would be increased from 
about 9,000 kva to about 20,000 kva by 
going to d-c transmission. The correspond- 
ing investment saving in lines would be, 
roughly, $70,000. This means that for 
d-c transmission to be economically attrac- 
tive, the extra installed cost for the use of 
the conversion apparatus at the 2 ends of 
the line should be less than $70,000. 

There are usually either 2 or 4 of our 
66 kv lines between station terminals with 
the result that the 6 or 12 single conductor 
750,000 circular mil cables could be split 
up into 3 or 6 new d-c transmission lines. 
Again, assuming a d-c/a-c ratio of 3, the 
carrying capacity for each cable could be 
increased in the winter from about 20,000 
kva to about 65,000 kva by going to d-c 
transmission. Using our present costs for 
our new size of 2,100,000 circular mil 66 kv 
cables which have a carrying capacity of 
about 115,000 kva per line in the winter, 
the investment saving by going to d-c trans- 
mission on the existing 750,000 circular mil 
cables on a typical 6 mile line would be ap- 
proximately $450,000 for the 2 cables that 
would be used in the d-c transmission for a 
converted line. The d-c terminal apparatus 
would have to be adequate for 230 kv be- 
tween terminals and about 570 amperes for 
the d-c side, or about 130,000 kva. With 
the use of direct current on these lines it 
would be necessary for such apparatus not 
only to be satisfactory, but the extra in- 
stalled cost of the new terminal apparatus 
including space for it to be less than about 
$375,000 for each new d-c line, allowing for 
the cost of rebuilding joints, lengthening 
manholes, and making changes at the ends 
of each line. 

My impression from a study of the appa- 
ratus and from what general information I 
have received leads to the conclusion that 
considerably more progress will have to be 
made before the d-c transmission is economi- 
cally attractive for converting existing Chi- 
cago lines or for the use of such transmission 
for new lines. 

The d-c system does have better possi- 
bilities where the lines are longer and it ap- 
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pears to me that possibly, in time, sufficient 
progress will be made in reducing the cost 
that where there may now be a question, 
for example, as to whether overhead trans- 
mission should be used, it will be answered 
because of the economic gain of d-c trans- 
mission on long underground lines. 


L. W. Chubb (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): This paper is 
very interesting and shows some valuable 
oscillograms under operating conditions. 
Over 20 years ago, when it was thought that 
the electrolytic capacitor could be produced 
and operated at a low cost per kilovolt- 
ampere. I worked on various systems of 
d-c transmission, constant current trans- 
mission, and multiple power and lighting 
over the same supply lines. At that time, 
d-c transmission and constant current trans- 
mission seemed rather attractive. They 
required some type of an inverter; a great 
deal of work was done and the mercury 
vapor inverter was developed. At that 
time it was called a “vacuum type inverted 
converter” (U.S. patent number 1,347,894). 

The monocyclic bridge was used in the 
constant current transmission system to 
convert from constant potential to constant 
current and vice versa. This was a single 
phase monocyclic square using electrolytic 
capacitors in the capacitance arms, instead 
of a 3 phase network as shown in the paper. 
I considered that d-c transmission at con- 
stant current would be of importance in 
transmitting power for great distances. 
However, the more practical engineers, who 
knew more about the problems of power 
transmission and distribution, soon pointed 
out some of the great disadvantages and 
we lost our enthusiasm for the various com- 
binations. 

Calculations showed no great advantage 
in line economies. For a direct and con- 
stant current, I suggested the use of a single 
transmission line and ground return. 
Ground return could, of course, be used, as 
there would be no telephone interference 
especially if sufficient inductance were in- 
serted in the line. Then the disadvantages 
of line insulation were pointed out. A 
string of high voltage insulators on direct 
current service has the voltage divided, so 
that the sections of highest resistance 
must stand most of the voltage. Any 
equalization scheme results in some leakage 
current. Leakage at many points will, 
of course, be a great disadvantage in a 
constant current system. Another great 
disadvantage in the constant current d-c 
system is that the circuits cannot easily 
be arranged so that power can be taken off 
at intermediate points. 

After reviewing the features of the con- 
stant current and constant potential systems 
and doing a great deal of experimental work 
on inverters, electrolytic capacitors, and 
constant current systems, we came to the 
conclusion that constant potential alter- 
nating current seemed the most practical 
system, in view of the above disadvantages 
and the fact that the high power electrolytic 
capacitor did not give as expected low power 
factor at reasonable cost per kilovoltampere. 
The inverter at that time was also new and 
the development far from complete. With 
the tools of today, a system such as de- 
scribed by the authors may have some 
specific applications, such as cable crossings. 
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' a-c transmission by aerial lines. 


Here again it seems as though the constant 
potential d-c system will be the more 
economical, and safer because overloads 
with the constant current system result in 
high voltage on the cable. 

On page 107 the authors state that the 
monocyclic networks cause no undesirable 
transient conditions. I can remember 
that this was not true in the case of the 
constant current systems using single phase 
monocyclic networks. Under overload con- 
ditions the voltage of the constant current 
side of the network will go up to a high 
value. On short circuit there must be 
some such protection as allowing the line 
to short circuit through a spark gap, or 
overload breakers in the constant potential 
line (U.S. patent number 1,270,785). 

When the high-voltage constant-current 
circuit is thus short circuited, on overloads, 
the condensers in the arms of the mono- 
cyclic network are charged to a high voltage 
and this high impulse voltage is suddenly 
impressed upon the constant potential 
circuit. During our experimental work, this 
serious impulse transient was so severe that 
it caused sparkovers or breakdown in the 
constant potential circuit. 

The severe voltage kick suggested a simi- 
lar circuit for making an impulse generator 
giving definite amplitude. It seems that 
the 3 phase system will be subject to the 
same difficulty and give serious punishment 
to the constant potential circuit and tubes. 

It would seem as though in spite of the 
further development of high voltage recti- 
fiers and inverters, the great disadvantages 
of the high voltage constant current system 
are still with us and it is felt that it will 
not prove economical, except in specific 
applications, because of the high cost of the 
static capacitor and inductor kilovoltam- 
peres required. 


R. D. Evans (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): Inthe introduc- 
tory part of the paper there is some specula- 
tion as to the possibilities of d-c transmis- 
sion. In this connection it may be of 
interest to review briefly the results of a 
study made some time ago on d-c versus 
An eco- 
nomic comparison was made for transmis- 
sion over distances from 100 to 400 miles 
using (1) the conventional a-c system and 
(2) high voltage d-c transmission with a-c 
generation and a-c utilization. The com- 
parison was made on the basis of a 2-circuit 
a-c system and a 3-circuit d-c system, which 
made it possible for the transmission line 
to be identical, thus avoiding the possi- 
bility of error in figuring the cost of the 
principal item, the line itself. The a-c 
system was designed for 230-kv 3-phase 60- 
cycle operation; the d-c system was de- 
signed for operation at 376 kv between lines. 
Thus the d-c system voltage to ground was 
taken as equal to the crest of the a-c sys- 
tem voltage to ground, though many engi- 
neers question whether so favorable a ratio 
will actually be obtained. The compari- 
son was based on the transmission of large 
blocks of power using the most economical 
loading per circuit and a relatively large 
conductor. 

In view oi the fact that rectifiers and in- 
verters of high capacity and voltage are not 
available commercially, it was decided to 
express the results of the study in the terms 


of the maximum permissible cost of the 
rectifiers and inverters at each end which 
would make the d-c system competitive 
with the a-c system. The results are given 
in the accompanying table. 


ae 


Maximum Permissible 


Transmission Cost of Conversion 
Distance, Equipment at Each End, 
Miles Dollars per Kilowatt 
LOO Se ice ehomiae 2.70 
OTN Wik ata panto. dd on aes: 8.70 
SOO bse eee nee 15.20 
LOO eye ate eee 22.20 


These figures were based on the cost of 
transmission line with capitalized values for 
losses at $140 per maximum kilowatt plus 
$160 per average kilowatt assuming a 60 
per cent load factor. Transmission costs for 
the a-c system were based on the line with 
sectionalizing circuit breakers and inter- 
mediate and receiver condensers as re- 
quired. The transmission costs for the d-c 
system were based on the line and the con- 
version apparatus at each end including re- 
ceiver condensers. The losses chargeable to 
conversion were estimated at 1 per cent at 
each end, which incidentally is the figure 
mentioned by the authors. The conversion 
losses include not only those in the conver- 
sion apparatus itself but also the losses in 
filters, voltage dividers, exciting transform- 
ers, and accessories, and additional losses in 
the associated transformers. 

It is to be noted that the maximum per- 
missible cost for conversion equipment must 
include not only the first cost of the appa- 
ratus but also installation and capitalized 
figures for maintenance and replacement, 
since they have no corresponding elements 
in the a-c system. 

With the constant current system de- 
scribed by the authors, it is obvious that 
the cost elements of the constant potential 
system are involved and the monocyclic 
equipment in addition. 


C. L. Fortescue (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): For the 
transmission of large blocks of power over 
long distances by overhead lines, I think 
that constant potential d-c transmission 
will prove to be more economical than con- 
stant current transmission. Such lines 
when laid out with due regard to protection 
against lightning will rarely suffer short 
circuits, and, therefore, the advantages of 
the constant current system in limiting 
fault currents do not appear to be of much 
importance. 

The authors have stressed the inherent 
reversibility of power flow in the scheme 
described in the paper. There are, how- 
ever, some requirements as to kilovolt- 
ampere capacity which limit the value of 
this feature. In a monocyclic square the 
kilovoltampere capacities in the reactors 
and capacitors depend upon the network 
used and the direction of power flow. The 
networks assumed in the paper include (1) 
the network of figure 4 for the inverter and 
(2) the same network for the rectifier but 
with reactors and capacitors interchanged. 
The authors point out that the networks for 
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the rectifier and inverter are not the same 
and that the preferred network takes less 
kilovoltampere capacity in inductors and 
reactors. For unity power factor it is 
stated that the total kilovoltampere in in- 
ductors and in capacitors each amounts to 
57 per cent of the transmitted load, these 
kilovoltampere capacities being required 
ateachend. The authors do not, however, 
point out that if the direction of power flow 
is reversed the total kilovoltampere capacity 
in reactors and capacitors is increased from 
57 per cent to 173 per cent at each end. 
Consequently, the apparatus has a much 
lower rating for power flowing in the reverse 
direction than for power flowing in the 
normal direction. This constitutes a seri- 
ous limitation in the scheme from the stand- 
point of inherent action as to reversibility 
of power flow. With lagging power factor 
load the kilovoltampere capacities of re- 
actors and capacitors are altered, some being 
increased, others being decreased. How- 
ever, the ratio of maximum capacity for the 
reversed direction of power flow may be- 
come many times the kilovoltampere ca- 
pacity for the normal direction. 

It is, of course, possible to perform switch- 
ing operations and to use the more efficient 
type of network for each direction of power 
flow. However, such a system loses some 
of the apparent advantages of inherent re- 
versibility. These considerations indicate 
that control of grid potentials will in the 
future probably be relied upon to provide 
for reversibility. 


R. E. Hellmund and C. F. Wagner (both of 
Westinghouse Elec. and Mfg. Co., E. Pitts- 
burgh, Pa.): The possibility of d-c high- 
voltage transmission has been an interesting 
speculation for a great many years; how- 
ever, practical applications have not been 
forthcoming for the following reasons: 


1. Commercial apparatus for the purpose has not 
been available. (This applied not only to the con- 
version apparatus but also to other factors, such 
as relay protecting schemes, lightning arresting 
devices, line insulators proved to be suitable for a 
given continuous voltage, etc.) 


2. Extensive investigations of the system from an 
economic point of view indicate that at present d-c 
transmission has little chance of competing suc- 
cessfully with a-c systems, except perhaps in the 
transmission of large blocks of power over long dis- 
tances and possibly in some exceptional cases 
where transmission by cable is necessary. 


This paper points out correctly that some 
of the problems that have confronted engi- 
neers in constant voltage systems present 
lesser difficulties in the case of a constant 
current system. The principal advantage 
of the latter is its relative stability under 
various load and fault conditions either in 
the line or in the converting equipment, and 
from this point of view it appears to be 
very attractive indeed. 

It is pointed out in the paper that the oc- 
currence of a short circuit will result in no 
damage to any equipment on the line even 
though it should persist for a considerable 
period. It must not be overlooked, how- 
ever, that even though a short circuit in the 
line does not cause any damage, it neverthe- 
less means a service interruption; as a 
matter of fact, for all practical purposes no 
more power can be transmitted during a 
complete short circuit than is possible with 
the line completely disconnected. Again, 
there is the question of how an arc on the 


APRIL 1935 


line, which may have been caused either by 
lightning or perhaps by a temporary short 
circuit resulting from birds or branches con- 
tacting the line, will act under varying line 
conditions. Although the short circuit can 
be easily interrupted by a switch, as de- 
scribed in the paper, there may be instances, 
especially with the higher voltages, where 
the arc is likely to persist and clearing of 
the line may be necessary to interrupt it. 
On the whole, it is likely that the problem 
of short time fault currents, especially those 
involving an arc, can be handled about as 
well in a constant voltage system. It seems 
relatively easy to clear such faults by having 
the converter grids block conduction for a 
few cycles, which would have the effect of 
a circuit breaker opening and reclosing in 
an extremely short time. 

Another advantage of the constant cur- 
rent d-c system mentioned in the paper is 
that a change from conversion to inversion 
in the converting apparatus takes place 
automatically. This is interesting, but in 
the majority of transmissions where power 
usually is transmitted from a mouth of mine 
steam plant or a hydroelectric plant, such a 
change is not often found to be a practical 
requirement. 

It is indicated further that a constant 
current system is advantageous in overcom- 
ing certain difficulties encountered in con- 
nection with hot cathode devices. This is 
a very desirable characteristic, but the 
same difficulties might be overcome also 
by other types of converting apparatus 
which are more suitable for operation as 
inverters because of the shorter deionizing 
time. 

It is stated in the paper that the losses in 
the conversion devices of the constant 
current d-c system can be held relatively 
low, i. e., in the order of 2 per cent of the 
power transmitted. At full load this is not 
any different from what would be found in 
the constant voltage system. However, 
in the constant current system the losses in 
the line, which constitute the greater part 
of the total loss, remain constant with 
changes in load and this in turn means that 
the all day efficiency may become rather 
low unless the load factor of the line is 
very good. In this respect the system is at 
a disadvantage in comparison with the 
constant voltage system. 

It appears from the foregoing that the ad- 
vantages of the constant current system in 
comparison with those of the constant 
voltage system may not necessarily be of 
great practical importance. It therefore 
seems that the very appreciable increase in 
cost caused by the addition of the apparatus 
needed for the monocyclic square, together 
with the reduced average efficiency, is too 
high a price to pay for the advantages 
claimed. Consequently, from an economic 
point of view, the chances of the d-c system 
in competition with the a-c system are not 
enhanced by the use of the constant current 
feature. 

At present it seems that the economic 
limitations will not permit many practical 
applications of the d-c system in the near 
future. One of the reasons for this is that 
in actual practice applications are very 
rare where appreciable amounts of power 
have to be transmitted over great distances 
and where, therefore, direct current com- 
pares reasonably well with alternating 
current. In the majority of cases having 


several points of power supply and many 
points of power delivery, the cost of the 
necessary conversion apparatus is rather 
unfavorable for the use of d-c transmission 
systems. Studies have been made of the 
possibility of combining transmission with 
frequency changing, such as might be done 
when power from a 60 cycle system is de- 
livered at some distance to a single phase 
railway system. Here the conversion ap- 
paratus for the d-c transmission would at 
the same time take the place of the fre- 
quency changing apparatus, which might 
lead to a rather economical system. How- 
ever, it was found that even in such cases 
there is usually a need for 60 cycle ties at the 
far end of the line in addition to the 25 
cycle load, thus causing additional complica- 
tions. 

It is not intended to detract in any way 
from the merits of a study as covered in 
the paper as it is only through such efforts 
that progress can be made in furthering any 
arrangement departing appreciably from 
existing standards. Moreover, economic 
relations are changing continually and 
schemes that are not competitive today may 
be in the future. There is also a wide 
variation in conditions to be met and it 
would not be surprising if d-c transmission 
of some kind or other would work out both 
advantageously and economically in such 
cases, for instance, as in the transmission 
of power from Scandinavia to Germany by 
means of cables across the Baltic Sea. In 
an instance like this the investment for the 
cable may prove to be such an important 
factor that the extra cost for the conversion 
apparatus at the terminals will be of second- 
ary importance. Other economical applica- 
tions of d-c lines may be found in connec- 
tion with weak tie lines between large a-c 
systems. 

The possibility of using conversion ap- 
paratus other than that of the hot cathode 
type has been suggested in the previous re- 
marks. Mention might be made of the rec- 
tifier developed by Professor Marx in 
Germany. In this device the arc, instead 
of being operated in vacuum, vapors, or 
low pressure gases, is operated in air with 
air currents flowing between the electrodes. 
The air currents move the are continuously 
on the electrodes, thus minimizing the burn- 
ing and also serving to extinguish the arc 
at-the end of each cycle. Superimposed 
high voltages are used to reéstablish the 
arc when desired. Professor Marx feels 
that his device is especially suitable for 
high voltage d-c transmission. However, 
since his device has a relatively high arc 
drop and consequent high losses, it does not 
appear to be very suitable for a constant 
current system. In view of the fact that 
such high losses would remain constant 
for varying loads, the all day efficiency 
would be very unfavorably influenced by 
the high are drop. 

In considering the suitability of various 
types of devices for conversion, great im- 
portance must be attached to the economic 
application of such devices for various cur- 
rent and voltage ranges. It would, there- 
fore, be of interest to have a statement 
from the authors as to what they consider 
the limiting values of the tubes under pres- 
ent conditions and, more particularly, 
whether they believe that cascading of the 
tubes will be necessary for voltages needed 
in power transmission. 
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News 


Of Lastitute mare Related Activities 


The Summer Convention 
at Cornell University 


Attractive plans which will be of interest 
to a large number of the Institute’s mem- 
bership are in progress for the 5lst annual 
summer convention to be held on the cam- 
pus of Cornell University at Ithaca, N. Y., 
June 24-28, 1935. The campus, situated 
on a hill at an elevation of about 500 feet 
above Cayuga Lake, and the surrounding 
country are well known for their scenic 
beauty and they provide an ideal setting 
for the convention. An enlarged program 
consisting of 10 technical sessions and a 
number of informal conferences or round 
table meetings, some of which will be of 
special interest to Students and the younger 
members, will be held. The evenings will 
be devoted mainly to social functions. 

Aside from the usual business features 
and the professional sessions good facilities 
for golf and tennis will be available. Also, 
other features, including an outing to 
Taughhannock State Park with a shore 
dinner, and a trip to the Corning Glass 
Works, are being planned. Taughhannock 
Falls is the highest falls east of the ‘‘Rock- 
ies.”’ 


A.S.M.E. TO MEET THE PRECEDING WEEK 


The semi-annual meeting of The Ameri- 
can Society of Mechanical Engineers will 
be held in Cincinnati, Ohio, June 19-21, 
1935. These dates are Wednesday, Thurs- 
day, and Friday, of the week immediately 
preceding the Institute’s summer conven- 
tion at Ithaca. Inasmuch as there are 
many engineers who hold membership 
in both organizations, the A.S.M.E. has 
purposely departed from its usual practice 
of scheduling meetings to begin on Monday, 
in order to accommodate those who may 
wish to attend both meetings. Technical 
papers on a variety of subjects will be pre- 
sented at the A.S.M.E. meeting, and 
a side trip to Norris Dam is scheduled by 
the A.S.M.E. for June 22. Members 
making this inspection trip should be able 
to arrive at Ithaca, in time for the be- 
ginning of the A.I.E.E. meeting. 


A.J.E.E. PROGRAM 


The papers for the 10 technical sessions 
are being published in ELectricat ENcrI- 
NEERING. In addition to the 4 papers 
published in the February issue which 
deal with protective devices, 2 timely 
papers on this subject have been added to 
the program. One of these treats the new 
high speed impulse oil circuit breaker for 
the Boulder Dam-—Los Angeles transmission 
line, and the other which is a companion 
paper adds valuable information for the 
determination of circuit recovery rates. 
These 2 papers, in conjunction with 2 
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other papers in the session on power trans- 
mission, which give the general features 
and the engineering features of the Boulder 
Dam-—Los Angeles transmission system, 
should prove of unusual interest. 

For those theoretically inclined and 
interested in electrical machinery and 
measurements several very good papers 
appeared in the March issue. Two of the 
machinery papers have to do with saturated 
synchronous reactance and commutation, 
while the measurements paper treats the 
precise speed control of d-c machines. 
Another paper also in the March issue 
explained the objectives and _ practical 
value of the advanced course in engineering 
given by the General Electric Company. 
This paper should prove of interest to 
many educators. Several other papers on 
the program appear in this issue and the 
publication of these and other papers con- 
siderably in advance of the convention 
will permit time for the careful preparation 
of good discussion. 

As many as 138 informal conferences or 
round table meetings now are being planned 
on various subjects. Some of these will be 
of particular interest to students and 
members of faculties, as they will consider 
such matters as research in engineering 
schools, engineering education, the future 


Membership— 
Mr. Institute Member: 


the results were as follows: 


enrolled Students 
Members reinstated 


Sections. 


more months to go this fiscal year. 
applications have been received from every one of the 61 Institute 


of the electrical industry and opportunities 
for students. Others will have to do 
with electrical machinery, noise, and research 
on insulating oils. 

More complete information on various 
features of the convention will appear in 
subsequent issues. Arrange your plans 
now so as to be able to attend the annual 
summer convention during the week of 
June 24 at Ithaca, N. Y., the home of 
Cornell University. The dormitories and 
the Cornell cafeteria will be open, as well 
as the hotels, and they will provide good 
facilities at moderate prices. 


GENERAL COMMITTEE APPOINTED 


President J. Allen Johnson has appointed 
the members of the general committee in 
charge of arrangements for the 1935 summer 
convention. These members are as follows: 
R. F Chamberlain, chairman 


W. H. Timbie, vice chairman 
A. C. Stevens, secretary-treasurer 


P, L. Alger M. G. Malti 
W. C. Ballard True McLean 
C. H. Bissell W. E. Meserve 
L. A. Burckmyer B. K. Northrop 
R. N. Conwell A. C. Stallman 
E. P. Harder I. Melville Stein 
V. Karapetoff E. M. Strong 
P. M. Lincoln J. O. West 

J. T. Littleton J. P. Wood 


W. M. Young 


The bogey of the membership committee is to do better each month 
than in the corresponding month of the previous year. 


For February 


February 
1934 


February 
1935 


New member applications received (from 
other than enrolled Students) 
New member applications received from 


Cie 43 


349 27/5 
Dil 7] 


In new member applications we have passed the thousand mark, 
1095 applications having been received as of March 1, 1935, with 9 


And better still, 


new member 


Chairman National Membership Committee 


ELECTRICAL ENGINEERING 


Pacific Coast Convention 
Committee Appointed 


The general committee in charge of ar- 
rangements for the Institute’s 1935 Pacific 
Coast convention to be held at Seattle, 
Wash., August 27-30, 1935, has been ap- 
pointed by Pres. J. Allen Johnson, and the 
members are already busy with arrange- 

_ ments which will insure a successful conven- 
tion. 

In the following list are given the chair- 
man, vice chairman, secretary, and the 
members of the committee; of these, 7 are 
chairmen of subcommittees, as indicated. 

E. A. Loew, chairman 
L. B. Robinson, vice chairman 


G. H. Walker, secretary 


F. J. Bartholomew F. O. McMillan 


A. M. Bohnert H. T. Plumb 
Walter Brenton C. E. Rogers 
Fred Garrison R. W. Sorenson 
R. H. Hull J. A. Thaler 


G. L. Hoard, meetings and papers 

E. B. Hansen, hotel and registrations 
L. B. Robinson, finance 

R. U. Muffley, entertainment 
Wellington Rupp, transportation 

G. E. Quinan, golf 

J. H. Kelly, publicity 


Engineering Society Officers 
to Hold Joint Meeting 


Officers and directors of the national 
societies of civil, mining and metallurgical, 
mechanical, and electrical engineers, and of 
their several jointly sponsored functional 
organizations will all meet together for 
dinner Monday, May 20, 1935, at the Engi- 
neers’ Club in New York, N. Y., according 
to plans recently announced by United 
Engineering Trustees, Inc., acting for the 
societies in sponsoring the proposed meet- 
ing. This is the first time in the history of 
the engineering societies that any such 
meeting has been undertaken and it is con- 
sidered to be an important and significant 
step toward the establishment of a broader 
and clearer understanding of the scope and 
significance of the work carried on jointly by 
the several participating societies. 

A wide variety of technical and other 
activities of importance to every branch of 
the engineering profession is now, and for 
many years has been, carried on by the 
agencies jointly created and sponsored by 
the engineering societies: United Engineer- 
ing Trustees, Inc., and its 2 departments, 
The Engineering Societies Library and The 
Engineering Foundation; American Stand- 
ards Association; the Division of Engineer- 
ing and Industrial Research of the National 
Research Council; Engineering Societies’ 
Employment Service, and Engineers’ Na- 
tional Relief Fund; American Engineering 
Council; and, more recently, Engineers’ 
Council for Professional Development. 
The activities, ideals, and procedures of 
each of these agencies will be described and 
explained concisely by society representa- 
tives long associated with the work in each 
case. 

With a better understanding thus es- 
tablished among the personnel of the govern- 
ing bodies of the several societies, it is hoped 
that more direct channels will be established 
through which the individual members of 
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the societies may become better acquainted 
with the variety of professional services 
actually directly available to them. This, 
in turn, is important from at least 2 angles: 
first, in order that each member may know 
how to make use of these services, and 
second, that each member may realize the 
extent to which his own small contribution 
is magnified through effective codperation. 
Plans for this joint dinner meeting have 
grown out of discussions between the United 
Engineering Trustees and the secretaries of 
the founder societies that began in January. 
The committee in charge of the affair 
includes Dr. Alfred D. Flinn, director of 
The Engineering Foundation, chairman; 
H. V. Coes, president of United Engineering 
Trustees, Inc., honorary chairman; George 


Headquarters for the 
1935 Summer Convention 


Main entrance to Willard Straight Hall 
on the campus of Cornell University, Ithaca, 
N. Y. This building will be used as the 
headquarters for the A.I.E.E. 1985 summer 
convention, to be held in Ithaca, June 24-28. 
During the college year, this building serves 
as a social center for students and faculty. 
It contains dining rooms, large and small 
rooms for reading, conversation, and games, 
hotel facilities, theater, soda bar, and barber 
shop. 


T. Seabury, secretary, American Society of 
Civil Engineers; A. B. Parsons, secretary, 
American Institute of Mining and Metal- 
lurgical Engineers; C. E. Davies, secretary, 
American Society of Mechanical Engineers; 
H. H. Henline, Secretary, American Insti- 
tute of Electrical Engineers; and John 
Arms, secretary, United Engineering Trus- 
tees, Inc. 


Great Lakes District 
to Meet at Purdue 


Announcement has been made that the 
meeting of the Great Lakes District of the 
A.I.E.E. scheduled for October 24-25, 1935, 
will be held on the campus of Purdue Uni- 
versity at West Lafayette, Ind. A student 
convention will be held in conjunction with 
the District meeting. The principal meet- 
ings will be in the electrical engineering 
building. 

The general committee in charge of ar- 
rangements for this meeting is as follows: 


G. G. Post, vice president, Great Lakes District 
(number 5) 
A. G. Dewares, secretary, Great Lakes District 
(number 5) 


F. R. Finehout T. F. Irvine 
D. H. Hanson O. Kiltie 
C. F. Harding E. B. Kurtz 


Cc. V. Mueller 


South West District 
Meeting Fully Arranged 


All is in readiness for the South West 
District meeting of the Institute to be held 
on April 24-26, 1935, at Oklahoma City, 
Okla., with headquarters at the Skirvin 
Hotel. 

The committee has arranged a program of 
5 technical sessions covering a variety of 
interesting subjects. There will be a ses- 
sion on distribution and transmission, in- 
volving the economics and application of 
regulating and circuit interrupting devices. 
A session is being arranged on coérdination 
of insulation and surge protection of lines 
and equipment, including a paper on field 
testing of insulation. Papers will be pre- 
sented on new metering practices, involving 
economic and engineering trends. There 
will be a symposium on the subject of engi- 
neering education. Other interesting topics 
that will be presented are relays, communi- 
cation, cable sheath corrosion, regulators, 
and vacuum tubes. In connection with 
the presentation of the paper on vacuum 
tubes there will be a demonstration of d-c 
power transmission. 

It is the intention to allow as much time 
as possible for the discussion of the techni- 
cal papers. All who are in position to con- 
tribute to the discussion are urged to come 
prepared to do so. 

On Thursday evening the convention 
banquet (informal) will be held, followed 
by dancing and bridge. Four inspection 
trips and a golf tournament are scheduled 
on Thursday afternoon. Special enter- 
tainment will be provided for the visiting 
women. 

The complete program, with other in- 
formation relative to the inspection, recrea- 
tion, and social events was given in ELEc- 
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TRICAL ESNGINEERING for March 19385, 
page 336-8. Complete your plans now to 
attend this meeting. A registration card 
is being mailed to all members in the South 
West District and nearby Sections, which 
should be filled in and returned promptly. 


E.C.P.D. Embarks Upon 
Student Guidance Program 


In furtherance of its charter objective 
“to enhance the professional status of the 
engineer through educational activities, 
“the Engineers’ Council for Professional 
Development is now placing in operation 
another important part of its program. 
Recognizing that the first essential in im- 
proving the status of the engineering pro- 
fession is improvement in the quality of 
men entering the profession, E.C.P.D. 
through its committee on student selection 
and guidance has entered upon a program 
designed to provide opportunity for boys 
in secondary schools who may be interested 
in engineering to make direct contact with 
individual members of the several par- 
ticipating professional societies who can 
give them sympathetic advice in the matter 
of the choice of their career. 

The Engineers’ Council for Professional 
Development is an agency created and 
jointly sponsored by the American Society 
of Civil Engineers, the American Institute 
of Mining and Metallurgical Engineers, 
The American Society of Mechanical 
Engineers, the American Institute of Elec- 
trical Engineers, the Society for the Pro- 
motion of Engineering Education, the 
American Institute cf Chemical Engineers, 
and the National Council of State Boards of 
Engineering Examiners. It was organized 
October 3, 1932, and functions through 4 
standing committees: student selection 
and guidance, engineering schools, profes- 
sional training, and professional recognition. 
The intended field of service of each of 
these committees corresponds to 1 of the 4 
major periods in the development of an 
engineer: first, the selection of a career; 
then the acquisition of technical training 
of recognized merit; then, after graduation, 
the period of first practical experience as a 
junior engineer; and finally the certifica- 
tion as a full-fledged and qualified engineer. 

The personnel of the committee on stu- 
dent selection and guidance is as follows: 
R. L. Sackett, dean, college of engineering, 
Pennsylvania State College, State College, 
chairman; O. J. Ferguson (A’05, F’13), 
dean, college of engineering, University of 
Nebraska, Lincoln; W. B. Plank, pro- 
fessor of mining engineering, Lafayette 
College, Easton, Pa.; H. N. Davis, presi- 
dent, Stevens Institute of Technology, 
Hoboken, N. J.; T. Keith Legaré, secre- 
tary, N.CS.B.E.E., Columbia, S. C.; 
R. H. Jacobs, Englewood, N. J.; and V. M. 
Palmer, industrial economy engineer, East- 
man Kodak Company, Rochester, N. Y. 

Through the instrumentality of this 
committee, officers of the local units of the 
participating societies throughout the 
United States have been called upon to 
form in each locality ‘a sympathetic, 
understanding committee, which will ac- 
tively promote guidance through contact 
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and advice with the students, high school 
principals, vocational counselors, and 
others.” Engineering schools throughout 
the country also are being asked to co- 
operate. The detailed program of each 
local committee of course will depend upon 
local conditions, but all will be guided by the 
common objective; a better understanding 
of the educational requirements of and 
vocational opportunities for engineers “in 
order that only those may seek entrance to 
the profession who have the high quality, 
aptitude, and capacity which are required 
of its members.” 

To meet the need for information written 
in terms and forms understandable and 
appealing to the immature and inexperi- 
enced student, to his high school teacher, 
and to his parents, the E.C.P.D. committee 
on student selection and guidance has, 
after a wide canvass, selected the booklet 
“Engineering, a Career—a Culture” as the 
most satisfactory pamphlet for guidance 
use. This attractive 64 page pamphlet 
was prepared by the educational research 
committee of The Engineering Foundation 
late in 1982, and already over 50,000 copies 
have been distributed to engineers, teachers, 
and others interested in the subject. This 
pamphlet is descriptive of the profession 
of engineering—of its spheres of action, 
of the training and the qualities required 
for successful pursuit; of the obligations 
which it imposes, and the rewards which it 
affords. Also, the practical usefulness of an 
engineering education in vocations other 
than engineering is illustrated by the ex- 
periences of many men in divers callings. 
Copies of this pamphlet are still available 
and may be obtained from The Secretary, 
Engineers’ Council for Professional De- 


West 39th Street, New 
15 cents per copy, 


velopment, 29 
York, N. Y. (prices: 
10 cents in lots of 50). 

Other articles on specific activities of 
the E.C.P.D. are contained in this and the 
2 preceding issues of ELECTRICAL ENGI- 
NEERING, additional articles being scheduled 
for future issues. This information is 
presented to members of the Institute in 
order to keep them acquainted with the 
progress of the E.C.P.D. 


Local E.C.P.D. Meeting 
Held in New York City 


Four eminent engineers discussed the 
aims and achievements of the Engineers’ 
Council for Professional Development at a 
meeting of the New York metropolitan 
sections of the 5 national engineering 
societies representing the civil, mining and 
metallurgical, mechanical, electrical, and 
chemical engineers. The meeting was held 
on March 6, 1935, in the Engineering 
Societies Building in New York City. 
The E.C.P.D. is an agency created and 
jointly sponsored by these 5 societies 
and by the Society for the Promotion of 
Engineering Education and the National 
Council of State Boards of Engineering 
Examiners. 

The meeting was presided over by Mr. 
Gano Dunn (A’91, M’94, F’12, past presi- 
dent and life member) president of the 
J. G. White Engineering Corporation, and 
recently elected chairman of the board of 
trustees of Cooper Union. The speakers 


Oklahoma City, Scene of a Forthcoming Meeting 


An Bevel view of the downtown business section of Oklahoma City, Okla., where the 
South West District of the Institute will hold its meeting April 24-26, 1935. The 2 large 
buildings in the center of the picture are, right, the First National Bank building, and left, 


the Ramsey Tower. 


The 3-section building just to the right and above the bank building 


is the Skirvin Hotel, headquarters for the South West District meeting. The program for 
this meeting was given in ELECTRICAL ENGINEERING for March 1935, page 336-8. 
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were Dr. C. F. Hirshfeld (A’05) chairman 
of the E.C.P.D., and chief research engi- 
neer, Detroit (Mich.) Edison Company; 
Gen. R. I. Rees, chairman of the E.C.P.D. 
committee on professional training, and 
assistant vice president of the American 
Telephone and Telegraph Company; and 
Dean J. W. Barker (M’26, F’30) member of 
the E.C.P.D. committee on professional 
recognition, and dean of the school ‘of 
- engineering at Columbia University. 

In introducing the meeting, Mr. Dunn 
referred to the apparent diversity of engi- 
neering occupations which have followed 
in the wake of science and invention, and 
emphasized the essential unity of all engi- 
neers in their methods of attacking prob- 
lems. Pointing out that the E.C.P.D. 
rests upon and derives its strength from the 
whole profession, Mr. Dunn stated that he 
saw in the E.C.P.D. ‘“‘the dawn of a pro- 
fessional self-consciousness among _ engi- 
neers, the effects of which on the engi- 
neer’s status in society and on his satis- 
factions in life may be profound.” 

Doctor Hirshfeld discussed the philosophy 
underlying the relations of an engineer to 
society, and pointed out that if the engineer 
makes himself a sufficiently well trained, 
broad visioned, generally capable person, 
recognition by the world at large is bound to 
occur; stating further that the engineer 
will be recognized in proportion to his 
ability to serve society broadly and not 
alone in a narrow technical sense. Doctor 
Hirshfeld outlined the organization of the 
E.C.P.D. with its 4 working committees, 
namely, the committees on student selection 
and guidance, engineering schools, pro- 
fessional training, and professional recog- 
nition, pointing out that it is the purpose 
of these committees to assist and guide the 
engineer in achieving the personal develop- 
ment necessary for his recognition by society. 

General Rees and Dean Barker outlined 
the policies of their committees, and told of 
work which they were doing. 


Ambrose Swasey Receives 
Washington Award 


The Washington Award for 19385 was 
formally presented to Dr. Ambrose Swasey 
(HM’28) at ceremonies held in Chicago, 
February 20, 1935. This award “pre- 
sented annually to an engineer whose work 
in some special instance, or whose services 
in general, have been noteworthy for their 
merit in promoting the public good’ was 
made to Doctor Swasey “for his distin- 
guished contributions as a builder of instru- 
ments, institutions, and men.”’ 

The Washington Award was founded in 
1916 by John Watson Alvord, to be awarded 
annually by the Western Society of Engi- 
neers (Chicago) upon the recommendation 
of a commission composed of 9 representa- 
tives of that society and 2 representatives 
of each of the 4 national engineering socie- 
ties representing the civil, mining and 
metallurgical, mechanical, and electrical 
engineers. 

Doctor Swasey, chairman of the board, 
The Warner-Swasey Company, Cleveland, 
Ohio, long noted as a maker of precision 
machine tools and instruments, is perhaps 
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Future AIEE Meetings 


South West District Meeting, 
Oklahoma City, Okla., Apr. 24-26, 
1935 


Summer Convention, 
Ithaca, N. Y., June 24-28, 1935 


Pacific Coast Convention, 
Seattle, Wash., Aug. 27-30, 1935 


Great Lakes District Meeting, 
West Lafayette, Indiana, Oct. 24-25, 
1935 


Winter Convention, 
New York, N. Y., Jan. 28-31, 1936 


North Eastern District Meeting, 
New Haven, Conn., May 1936 


Summer Convention, 
Los Angeles, Calif., June 22-26, 1936 


Middle Eastern District Meeting, 
Akron, Ohio (date to be determined) 


best known to and beloved among the engi- 
neering fraternity for his foresight, humani- 
tarianism, and inspiring leadership. It was 
his substantial financial backing that led in 
1914 to the formation and successful de- 
velopment of The Engineering Foundation 
“for the furtherance of research in science 
and engineering, or for the advancement in 
any other manner of the profession of engi- 
neering and the good of mankind.” 

An outline of Doctor Swasey’s career and 
the many honors that have been accorded to 
him was presented in ELECTRICAL ENGI- 
NEERING for May 1934, page 815, and for 
November 19384, page 1552. The latter 
item is a report of the tribute paid to him 
upon the 20th anniversary of his creation of 
The Engineering Foundation, and in cele- 
bration of his approaching 88th birthday. 
It is also interesting to note that upon the 
occasion of his 88th birthday in December, 
Doctor Swasey received the unusual dis- 
tinction of having an asteroid, discovered by 
Dr. Otto Struve, director of Yerkes Ob- 
servatory, named “Swaseya”’ in his honor. 
Doctor Swasey’s firm has been the builders 
of some of the world’s greatest telescopes. 


Suggestions for 
Research Projects 


The number of requests received for 
copies of the list of suggestions for research 
projects prepared by the committee on re- 
search of the Institute has been very en- 
couraging in view of the fact that the an- 
nouncement of the availability of such a list 
was made only last November in ELECTRI- 
CAL ENGINEERING for that month. 

For the benefit of those who may not have 
seen it at that time, it is repeated here. 


With the object of stimulating interest in research 
work, the committee on research of the Institute 
has collected from electrical engineers in the indus- 
try suggestions for research projects suitable for 
advanced or graduate students and others in the 
engineering schools who are desirous of undertaking 


some kind of research work in the electrical engi- 
neering field. 

A first list of over 100 such research suggestions in 
12 branches of electrical engineering has been as- 
sembled. A widely varying range of experimental 
facilities is involved, from the simplest equipment 
found in any electrical laboratory to highly special 
facilities which would be available only in a very 
comprehensively equipped laboratory. 

Copies of this list in mimeographed form may be 
obtained by any member of the teaching staff of an 
engineering school by merely addressing a request 
for a copy (or copies) to the committee on research 
at Institute headquarters, 33 West 39th Street, 
New York, N. Y. 


The committee is planning to issue 
another list, number 2, early this fall. A 
copy will be sent to each recipient of the first 
list. 


To Institute Members 
Planning Trips Abroad 


Members of the Institute who contem- 
plate visiting foreign countries are reminded 
that since 1912 the Institute has had recip- 
rocal arrangements with a number of foreign 
engineering societies for the exchange of 
visiting member privileges, which entitle 
members of the Institute while abroad to 
membership privileges in these societies for 
a period of 3 months and members of foreign 
societies visiting the United States to the 
privileges of Institute membership for a like 
period of time, upon presentation of proper 
credentials. A form of certificate which 
serves as credentials from the Institute to 
the foreign societies for the use of Institute 
members desiring to avail themselves of 
these exchange privileges may be obtained 
upon application to Institute headquarters, 
New York. The members should specify 
which country or countries they expect to 
visit, so that the proper number of certifi- 
cates may be provided, one certificate being 
addressed to only one society. 

The societies with which these reciprocal 
arrangements have been established and are 
still in effect are: Institution of Electrical 
Engineers (Great: Britain), Société Fran- 
caise des Electriciens (France), Association 
Suisse des Electriciens (Switzerland), Asso- 
ciazione Elettrotecnica Italiana (Italy), 
Koninklijk Instituut van Igenieurs (Hol- 
land), Verband Deutscher Elektrotechniker 
E. V. (Germany), Norsk Elektroteknisk 
Forening (Norway), Svenska Teknolog- 
foreningen (Sweden), Stowarzyszenie Elek- 
trykow Polskich (Poland), Elektrotechnicky 
Svaz Ceskoslovensky (Czechoslovakia), The 
Institution of Engineers, Australia (Aus- 
tralia), Denki Gakkwai (Japan), and South 
African Institute of Electrical Engineers 
(South Africa). 


New Subjects Added at M.I.T. In addi- 
tion to the recently extended program of 
graduate study in electrical engineering at 
Massachusetts Institute of Technology, 
Cambridge, 38 uew subjects are being 
offered during the current year and a 
fourth is announced for next year. These 
are: vibration phenomena and oscillations, 
engineering electronics, mathematical analy- 
sis by mechanical methods, and super 
high voltage engineering and vacuum 
electrostatic machinery. 
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Special Technical Meetings 


Prove Successful in San Francisco Section 


An innovation in Section meetings 
modestly introduced last year by the 
Institute’s San Francisco Section has been 
received with such growing enthusiasm by 
members in that Section, that an outline 
of the plan is presented here for the benefit 
of other Sections that may be interested. 
This innovation consists of the scheduling 
of special informal discussion meetings ap- 
proximately once a month, between the 
regular Section meetings. 


EVOLUTION OF THE SPECIAL MEETINGS 


It has been the experience in San Fran- 
cisco that when regular Section meetings 
on more specialized engineering subjects 
have been held, only those engineers inter- 
ested in the particular subject will attend. 
During the last 2 years, therefore, engineer- 
ing subjects of a more general nature have 
been scheduled with consequent increase 
in average attendance. Subsequent ad- 
verse comment, however, pointed out that 
the meetings were getting away from elec- 
trical engineering subjects, and that little 
opportunity was afforded for detailed dis- 
cussion of specific problems. This led to 
the innovation of scheduling between the 
regular Section meetings on general sub- 
jects, special technical meetings which con- 
sist principally of informal discussions. It 
is thus possible to have at the regular meet- 
ings a well balanced program that will at- 
tract a large number of members, and to 
present at the special meetings more tech- 
nical information in specialized fields and 
to afford opportunities for informal round 
table discussion with other engineers in- 
terested in the same problems. 


ATTENDANCE AT THE SPECIAL MEETINGS 


Although a preliminary survey indicated 
that only 15 or 20 members of the Section 
were at all interested in the special technical 
meetings, it was decided to try them, and 
the first special meeting was held on 
February 9, 1934. A record of the results 
obtained with the special meetings speaks 
for itself: 


Date 


Subject Attendance 


February 9, 1934. Decrement Curves for Power 


OYStemsooe certs aekorecene he 23 
March 9, 1934....Communication by Carrier in 
Gableniyrerttyasterate chat ererenatranycxs 24 


April 13, 1934....Symmetrical Components..... 36 


May 11, 1934....Electric Corrosion of Pipe 
MANESUPR ee crvone ree 37 
October 12, 1934.Synchronous Machines....... 80 


November 9, 1934.Lead Cable Sheath Research. .37 


january 11, 1935.Overloading Power Trans- 
FOLMELS cay Laer eaon etek 31 

February 8, 1935.Elements of Operational Cal- 
CUlus th yoarasia voce sions ets 35 


March 8, 1935.... Coaxial Communication Lines.31 


During 1934, the following topics have 
been presented at the regular Section meet- 
ings: “Survey of Various Television Sys- 
tems,” ‘Television With Cathode Ray 
Tubes,” “Radium and Its Modern Applica- 
tions to Science and Technology,”’ “Liquid 
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Dielectrics,” “High Voltage Underground 
and Overhead Cables,” ‘‘The Modern 
Physical Conduction of Electricity Through 
Gases,” and ‘Recent Engineering Develop- 
ments.” Also, a joint meeting with 3 
student Branches, and a 50th Anniversary 
celebration meeting, were held as regular 
Section meetings. Attendance at the regu- 
lar Section meetings has been maintained 
in spite of the special meetings. 

It is now difficult to tell which of the 2 
types of meetings is the more important, 
for they seem to serve largely different 
groups, thereby in effect practically doubling 
the total attendance per month. Also, it 
has been found, as expected, that with the 
exception of a few “regulars”? which attend 
all the meetings, different groups attend 
the different special meetings. 


SELECTION OF SUBJECTS 


In selecting subjects, the tendency has 
been to select some subject which the prac- 
ticing engineers feel they need to know more 
about, and then to find a speaker who can 
lead the discussion and answer questions 
on that topic. Frequently, a paper or 
group of papers previously published in 
ELECTRICAL ENGINEERING are made the 
subject of the meeting. This has been 
found to help those who do not read many 
of the published articles, as well as those 
who, to clarify their own understanding, 
would like to discuss articles they have read. 

No difficulties have been experieneed in 
obtaining good subjects or good speakers, 
and it is possible to schedule meetings well 
in advance. Very little burden devolves 
upon the committee responsible for ar- 
rangements, for many suggestions are re- 
ceived from members as to discussions of 
detailed subjects desired. 

It is obvious that many types of talks 
can be scheduled for special meetings that 
would not be suitable for general meetings. 
In this connection it might be mentioned, 
however, that particular attempts are made 
to prevent manufacturers or manufacturers’ 
representatives from using the _ special 
meetings as opportunities to give talks 
with a “‘sales flavor.” 


INFORMALITY STRESSED 


Although the regular Section meetings 
are quite formal, the special technical meet- 
ings are most informal; this is believed to 
be one of the reasons for their success. 
As money is not available to spend on these 
special meetings, they are held in power or 
communication company buildings, or some 
other place where no charge is made. Ad- 
vance announcement in the Section’s 
monthly Bulletin gives the date, subject, 
and location of the scheduled meeting, 
and indicates where members will gather 
informally for dinner. No dinner reserva- 
tions are made, and attendance varies with 
circumstances. 

The usual method of procedure at these 
special meetings is for the chairman to call 
the meeting to order and introduce the 
speaker who then runs the meeting. The 


talks usually are given most informally, 
and the speaker usually tells the audience 
to interrupt him when any one has any 
question, or wants to say anything. This 
has worked out very well, and with the re- 
sult that every one, young or old, who is at 
all interested in doing so, gets an opportu- 
nity to bea ‘‘doer”’ rather than just a listener. 


INDIVIDUAL AND SECTION ARE BENEFITED 


In short, both the individual member and 
the Section have benefited from these in- 
formal discussion meetings. The individual 
gets more out of his connection with the 
Institute through enhanced opportunities 
for actual participation and for getting 
timely information along definite lines in 
which he may be interested. From the Sec- 
tion point of view, more is being given to 
members, the over-all attendance at meet- 
ings is improved, and a greater interest in 
the Institute is created, thus giving the 
membership committee a supporting incen- 
tive. 


RELATED ACTIVITIES OF THIS SECTION 


Members of the San Francisco Section 
take a great deal of interest in the numerous 
activities of this Section, some of which are 
related to the special meetings. In addition 
to the regular and special meetings, which 
are each held once a month, an informal 
luncheon is held every Tuesday at a special 
table in the Engineers’ Club, which will 
accommodate 35 members and which is 
usually filled to overflowing. Considera- 
tion also is being given to the scheduling of 
a certain number of inspection trips, but 
for fear of having too many activities going 
on at once, this suggestion has not yet been 
acted upon. 

In addition to the above, the previously 
mentioned Section Bulletin is mailed to 
members every month. It consists of a 
(5 by 7 inch) 4-page inexpensively printed 
pamphlet combining notices of future meet- 
ings, reports of past meetings, ‘‘personal”’ 
items, reports of local committees, references 
to national activities, and other perti- 
nent information. Although the prepara- 
tion of this bulletin takes considerable time, 
it is an effort that has brought great re- 
turns. 

For the past few years a steadily increas- 
ing feeling of friendship among the member- 
ship of the Section has been noticed and 
freer contacts between the more prominent 
engineers and the younger men have been 
brought about. 

The results of these various activities are 
regarded as ample compensation for the tre- 
mendous amount of work done by the 
Section’s executive committee. Since the 
activities have expanded, the Section has 
been fortunate in having an active group 
on its executive committee. It is felt that 
this may be due to the particular system for 
selecting officers adopted by this Section 5 
years ago, which requires the rotation of 
officers so as to insure that all the principal 
offices are held by men having previous Sec- 
tion experience, and which makes it im- 
possible for a person to hold any particular 
office for a long time. More of the younger 
men are thus given Section offices. These 
offices require considerable work and cannot 
be considered as purely honorary positions; 
it is considered vital to Section welfare that 
they be filled by active men. 
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A Message to Students 
of Electrical Engineering 


A message to electrical engineering stu- 
dents prepared by the Institute’s committee 
on research follows: 

“Research is an activity of vital impor- 
tance to the electrical industry. Electrical 
engineering was founded on research, its 
rapid and extensive development was made 
possible through the results of research, and 
research is essential to its further progress. 
At least 50 per cent of the papers presented 
before the Institute during recent years are 
definitely of a research character, under the 
definition of research, namely, ‘‘A syste- 
matic investigation of some phenomenon or 
series of phenomena by the experimental 
method to discover facts or codrdinate 
them as laws.’”’ Incidentally, however, it 
should be noted that there is always plenty 
of opportunity for valuable research that 
does not involve ‘‘experimental methods.” 
For example “library research’ that is a 
critical review of existing literature which 
reports the results of studies and investiga- 
tions on a given subject may permit crys- 
tallizing existing knowledge and facts which 
can’ be codrdinated into laws. 

“Progress in electrical engineering re- 
search and, therefore, progress in the elec- 
trical art will be greatly influenced by the 
young engineers coming into the profession. 
The following resolution passed by the com- 
mittee on research of the Institute at a re- 
cent meeting carries a message to students 
(and also incidentally to their teachers) : 


“Tt is the opinion of the A.I.E.E. committee on 
research that, exclusive of immediate problems to 
be handled by the existing specialists, the general 
progress of engineering research primarily will de- 
pend upon general interest and thorough training 
of the young engineers in the principles of physics, 
mathematics, mechanics, and-chemistry, including 
both theoretical principles and experimental 
technique.’ ”’ 


7S GE. 
Appoints Field Secretary 


The American Society of Civil Engineers 
has created the new and important post of 
field secretary, and has appointed Walter E. 
Jessup, member of A‘S.C.E. and since 1930 
editor of Civil Engineering, to that position. 
When Civil Engineering was initiated in 
1930, Mr. Jessup came to New York from 
his home in Los Angeles, the intent at that 
time being that as soon as the character of 
that publication should be established and 
he might turn the work over to some one 
else, he would take on just such duties as 
have now been defined as for a field secre- 
tary. Society finances heretofore had not 
permitted the expansion then in mind. 
Two younger men will be selected to assist 
in the editorial department, and Cvzvil 
Engineering will devote more space to in- 
formation about society affairs. 

Mr. Jessup was born in Pasadena, Calif., 
May 25, 1888, the son of a civil engineer. 
He received the degree of bachelor of arts 
from the University of Southern California 
in 1910, and that of civil engineer from the 
University of Wisconsin in 1912, being 
appointed student assistant in railway engi- 
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neering while at Wisconsin. He was 
elected president of the local chapter of Tau 
Beta Pi in 1912. Following graduation he 
was engaged in field engineering in connec- 
tion with the construction of the Los Ange- 
les Aqueduct, the hydroelectric develop- 
ment at Big Creek, Calif., highways for the 
state of California, and the Salt River proj- 
ect, Arizona, of the U. S. Reclamation 
Service. In 1917, he was resident engineer 
on the ballasting and bridge replacement 
program of a railroad in California and 
Nevada, following which he was in army 
service for 2 years, spending 16 months in 
France as first lieutenant with the 39th 
Engineers. He now holds a reserve com- 
mission as major of engineers. 

Following the war, Mr. Jessup entered 
the employ of a firm of consulting engineers 
in Los Angeles, and in 1924 opened a con- 
sulting office in that city, in partnership with 
H. Z. Osborne. This partnership was dis- 


Walter E. Jessup 


solved in 1980 to permit him to take up his 
duties as editor of Civil Engineering. Mr. 
Jessup joined the Los Angeles Section of the 
society in 1914, editing its publication, the 
A.S.C.E., for a number of years, and serving 
as its president in 1929. He was also a 
member of the Pasadena Engineers’ Club and 
the Joint Technical Society of Los Angeles, 
being secretary of the latter organization in 
1930. He was one of the founders of the 
Los Angeles Alumni Club, Tau Beta Pi, 
serving as its secretary-treasurer for 14 
years. 


Student Branch 
Sponsors Public Meeting 


The University of Alabama Branch of the 
A.I.E.E. located at University, Ala., in con- 
nection with the local student branch of the 
Illuminating Engineering Society, arranged 
an address to be presented to the public on 
February 19, 1935. In departing from the 
usual practice of holding meetings for engi- 
neers and engineering students only, it was 
felt that a service was rendered to the public 
through the dissemination of information 
which had been collected by engineers. 

The subject selected for this public 
meeting was ‘“‘The Science of Seeing,” the 
lecture being delivered by Alston Rodgers, 
illumination engineer of the General Electric 


Company. Considerable equipment was 
available to assist in clarifying the lecture 
and making it interesting to the public. 
Approximately 300 persons were present in 
the university auditorium to hear the lec- 
ture. 


Electronics 
and Electron Tubes 


Three related publications on theoretical 
and experimental electronics and electron 
tube applications, originally intended for 
educational institutions, are now available 
to the public. One of these, “Electronics 
and Electron Tubes” was written by E. D. 
McArthur of the vacuttm tube engineering 
department of the General Electric Com- 
pany, in response to requests from schools 
and colleges for a publication giving, in 
easily understood language, the funda- 
mentals underlying the vacuum tube, and 
including simple experiments to illustrate 
these fundamentals. References are in- 
cluded which enable the reader to delve 
more extensively into many of the subjects 
which are treated in this 48 page booklet, 
8x101/,. inches in size. Designated as 
publication GET-568-A, it may be ob- 
tained from the educational section, General 
Electric Company, Schenectady, N. Y., at 
a cost of 25 cents. 

The other 2 publications, designated 
GET-566 and GET-620, deal with labo- 
ratory experiments on _ electron tube 
theory, and on electron tube applications, 
respectively. The former describes experi- 
ments and is intended as a supplement 
to “Electronics and Electron Tubes,” 
while the latter is a laboratory manual 
covering a number of fundamental electron 
tube applications. The 2 booklets are 
obtainable as a combination priced at 25 
cents. 


California Pacific 
International Exposition 


The California Pacific International Ex- 
position will open in San Diego, Calif., 
on May 29, 1935. Officials of the expo- 
sition announce that impressive and in- 
structive displays of many leading elec- 
trical manufacturing companies, as well 
as light, power, and communication com- 
panies, many already under construction, 
and many others in various stages of plan- 
ning and negotiation, will result in an 
aggregate showing of the electrical industry 
which will be the most spectacular ever 
witnessed on the Pacific Coast. 

The majority of these exhibits will be 
housed in the impressive Palace of Elec- 
tricity, one of the many display buildings 
erected along the acacia lined Avenue 
of Palaces, the principal thoroughfare 
running through the fair grounds. The 
Palace, 388x118 feet, is a low oblong 
building designed in a modern adaptation 
of the adobe style of architecture. 

The high mesa in the center of historic 
Balboa Park in San Diego will serve as the 
setting for the exposition. This was the 
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neering profession. 


includes more than 100 titles. 


Business and Industrial Management 


Studies in the Economics of Overhead Costs, 
J. M. Clark. University of Chicago Press, 
1923. Studies of the discrepancies between 
supply and demand. Unused capacity is the 
central theme. 


The Young Man in Business, Howard L. 
Davis. Wiley, 1932. Simply written book 
on vocational guidance by a director of such 
activities in industry; of particular interest to 
young people. 


Organization Engineering, Henry Dennison. 
McGraw-Hill, 1931. Well written and shows 
original observation and analysis. Intended 
as an over-all picture of the whole problem, 
rather than as a discussion of specific situa- 
tions. Intent is to encourage further sys- 
tematic development of the art and science of 
organization engineering. 


Economic Control of Engineering and Manu- 
facturing, F. L. Eidman. McGraw-Hill, 
1931. Purpose of this book is to focus atten- 
tion on economic aspects of engineering. It 
presents practical methods and techniques for 
solution of major industrial problems. 


Principles of Industrial Organization, Dexter 
S. Kimball. McGraw-Hill, 1933. New edi- 
tion fully revised and containing new mate- 
rial on such subjects as measures of manage- 
ment, mechanization of industry and factory 
arrangement, and production control. 


Business Leadership, H. C. Metcalf. Isaac 
Pitman, 1931. A series of 25 lectures by 
various writers on biological, engineering, psy- 
chological, industrial, political, and educa- 
tional problems of management. 


Technique of Executive Control, E. H Schell. 
McGraw-Hill, 1930. Straight thinking ap- 
plied to the duties and difficulties of the 
executive, with stimulating questions based 
upon the problems presented. 


Human Nature and Management, Ordway 
Tead. McGraw-Hill, 1929. Book addressed 
primarily to the factory manager. Tells 


A Reading List for Junior Engineers 


A LIST of books recommended for reading by junior engineers has been 
prepared by a number of eminent men, many of them distinguished in the engi- 
Previous sections of this list have been published in ELEc- 
TRICAL ENGINEERING fot December 1934, page 1667, January 1935, page 133, 
and March 1935, page 345. Two additional sections are published herewith, 
and others are scheduled to follow in subsequent issues. 


Systematic reading of worth while books adds breadth and vision to the back- 
ground of an engineer and should be considered a part of the intellectual develop- 
ment designed to fit the young engineer for full professional recognition. 
suggested that over a period of about 4 years a minimum of about 25 of these 
books might be selected and read, with the limiting recommendation that the 
selection made will include at least one book in each classification, preferably in 
accord with the individual engineer’s most vital interests. 


The complete list 


lie 36 


what psychology means, giving outline of 
mechanism of emotions, habits, tendencies, 
and learning process. 


History 


Epic of America, James T. Adams. Little, 
Brown, 1931. An inspiring narrative of the 
evolution of the American nation. 


Century of Progress, edited by C. A. Beard. 
Harper, 1933. A summary of outstanding 
events of the last 100 years in American his- 
tory. 


Conquests of Civilization, J. H. Breasted. 
Harper, 1926. A summary of human prog- 
ress from the crude beginnings of civilization 
to the fall of Rome. 


Modern Democracies, Viscount James Bryce. 
2 volumes, Macmillan, 1924. Analytical 
summary of general principles of democracies 
as shown in France, Switzerland, Canada, 
United States, Australia, and New Zealand. 


Europe: A History of Ten Years (1918-1928), 
R. L. Buell. Macmillan, 1929. An account 
of the drift of Europe during this time, by the 
research staff of the Foreign Policy Association. 
Traces history of Paris peace treaties and the 
internal development of leading countries and 
attempts to interpret bolshevism and facism. 


Soviet Russia, W. H. Chamberlain. Little, 
Brown, 1930. Impartial interpretation of 
happenings in Russia during the 7 years 
before 1930 during its transition from tsarism 
to communism. Gives historical background 
of the revolution and its personalities and dis- 
cusses the social leveling, cultural and religious 
questions, and the woman movement. 


Historial Evolution of Modern Nationalism, 
C. J. H. Hayes. R. R. Smith, 1931. Dis- 
cussion of nationalism as a political philosophy 
formulated by leaders of thought and opinion, 
instead of a social process or a popular move- 
ment. 


Outline of History (new and revised), H. G. 
Wells. Garden City Publishing Company, 
1931. A readable commentary on the life 
of man from time of the stone age. 


site of San Diego’s portion of the historic 
Panama Pacific Exposition in 1915. On 
this site, many huge exposition palaces 
already have been completed and the 
“midway” and amusement park with the 
“foreign villages’? are under construction. 
The impressive Ford Building, Federal 
Building, and other buildings are now 
being erected. It is estimated that the 
entire exposition, when completed, will 
represent an investment of more than 
$16,000,000. 

It is reported that the entire U. S. Flee 
will make San Diego its headquarters 
during the period of the exposition, and 
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massed maneuvers of the combined 
army, navy, and marine air services will be 
one of the features of the military and naval 
displays. 


Lewis Institute Director Resigns. In- 
formation received from Fred A. Rogers 
(A’06, M’28) dean of engineering and 
professor of physics and electrical engi- 
neering at Lewis Institute, Chicago, IIl., 
indicates the resignation of G. N. Carman 
as director of that institute after 40 years 
of service. The resignation is effective 


September 1, 1935. Mr. Carman worked 
with the trustees in planning the school 
as it had been conceived by Allen C. Lewis, 
the founder, in 1895. 


Physical Society to Meet. The 198th 
regular meeting of the American Physical 
Society will be held in Washington, D. C., 
April 24-27, 1935. The Thursday and 
Friday sessions will be at the Bureau of 
Standards, and the Saturday sessions at the 
National Academy Building. The head- 
quarters’ hotel is The Raleigh. 


Innovations Introduced at Purdue Uni- 
versity. Three announcements of changes 
affecting teaching for next year at Purdue 
University, Lafayette, Ind., have been 
made. One of these is the appointment of 
Dr. Lillian M. Gilbreth, consulting engi- 
neer in management, of Montclair, N. J., 
as professor of management at Purdue 
University, effective September 1935. Doc- 
tor Gilbreth is recognized as one of the world’s 
most eminent management engineers. The 
second announcement is the offering of a 
new curriculum in public service engi- 
neeing beginning September 1935, having 
as one of its major objectives the prepara- 
tion of engineers capable of dealing with 
the technological problems of government. 
The third announcement, also effective 
September 19385, is the initiating of a 
combined 6-year course in engineering 
and law at Purdue University and Indiana 
University, for those interested in an engi- 
neering background for law practice. 


Radio Club of America 
Celebrates 25th Anniversary 


Dedicated to the “‘spirit of good fellow- 
ship and the free interchange of ideas among 
all radio enthusiasts’? the Radio Club of 
America, Inc., has issued a special Year 
Book in commemoration of its 25th anni- 
versary. Among the names appearing in 
the roster of present and past leaders of 
this pioneer club (said to be the oldest radio 
club in the world) are to be found many 
long since prominent in the world of radio 
communication as it is known today, and 
several now appearing on the roster of active 
members of the A.I.E.E. 

Quoting from opening paragraphs of the 
Year Book: 

“The story of the Radio Club of America 
begins over a quarter of a century ago, dur- 
ing the really dark ages of the radio art, 
about 1907. ... Here we find a group of 
small boys who, according to the true Ameri- 
can spirit, were so interested in flying that 
they formed the Junior Aero Club of U.S. 

“Tn conjunction with their experiments in 
aviation, these youngsters had, for some 
time, also been interested in what was then 
known as wireless. In fact, the new idea 
of sending messages without wires had 
proved itself so fascinating, that they 
found themselves actually devoting most of 
their spare time to tinkering with wireless 
apparatus. There were at this time a 
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small number of so-called amateur wireless 
experimenters in and about New York City, 
so the boys decided to form a new club with 
wireless as an object.” 

“Accordingly, . . . a special meeting of 
the Aero Club, for the purpose of forming 
a new club, with wireless telegraphy and 
telephony as its main interest. . .was held 
at the Hotel Ansonia in New York City on 
January 2,1909.... Thus, the Junior Wire- 
less Club Limited was founded,’”’ and bore 
that name until October 21, 1911, when it 
was changed to the Radio Club of America 
in recognition of its expanding membership 
and interests. 

The Year Book presents a comprehen- 
sive outline of the history of the club, lists 
the major contributions of its members to 
communication literature, and includes a 
roster of members and of past and present 
officers. Copies of the Year Book are said 


to be available at the club’s executive head- 
quarters, 11 West 42nd Street, New York, 
N. Y. 

Among the present and past officers of the 
Radio Club of America are noted the follow- 
ing members of the Institute: 


Ernest V. Amy (A’19, M’28) consulting engineer, 
Amy, Acebes and King, Inc., New York, N. Y. 
Carl Dreher (A’23, F’33) sound director, RKO 
Studios, Inc., Los Angeles, Calif. 

George J. Eltz, Jr. (A’21) co-owner, Continental 
Sales Company, Hartford, Conn. 

Lawrence C. F. Horle (A’20, M’22) consulting 
radio engineer, Newark, N. J. 

Harry W. Houck (A’21) consulting engineer, Camp 
Hill, Pa. 

Theophilus Johnson, Jr. (A’18) commercial engi- 
neer, General Electric Company, Schenectady, 
ING NS 

Ralph H. Langley (M’34) consulting engineer, New 
York, N. Y. 

Louis G, Pacent (M’18, F’30) president and tech- 
nical director, Pacent Engineering Corp., New 
York, N. Y. 


United eginecrinc iieastees Inc. 


The Joint 
Engineering Organizations 


United Engineering Trustees, Inc., organ- 
ized in 1904, is now the joint agency of the 
4 national societies representing the civil, 
mining and metallurgical, mechanical, and 
electrical engineers. It is organized in 3 
departments, namely, the administrative 
department, The Engineering Foundation, 
and the Engineering Societies Library. 

The administrative department manages 
the Engineering Societies Building and all 
trust funds placed in the hands of the 
United Engineering Trustees, Inc. The 
Engineering Foundation, founded by Am- 
brose Swasey (HM’28) in 1914, is entrusted 
with the expenditure of the income from 
endowments and other funds, its present 
preferred activity being engineering re- 
search. The Engineering Societies Library 
is a free public library which, with its 

’ numerous activities, is operated for users at 
a distance, as well as for those who visit its 
rooms in the Engineering Societies Building. 

Inasmuch as a brief résumé of the organi- 
zation of the United Engineering Trustees, 
Inc., and the 3 departments enumerated 
above, was given in ELECTRICAL ENGI- 
NEERING for April 1934, page 632, further 
details will mot be given here. In the 
accompanying article will be found an- 
nouncements of elections and abstracts of 
the annual reports of these organizations. 


Election of United 
Engineering Trustees, Inc., Held 


At the annual meeting of United Engi- 
neering Trustees, Inc., which was held in 
the Engineering Societies Building, New 
York, N. Y., January 24, 1935, officers to 
serve for 1935 were elected. H. V. Coes 
was reélected president, to serve for the 
period ending at the annual meeting in 
October 1935. G. L. Knight (A’11, F’17) 
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was reélected first vice president, also serv- 
ing until October 1935. H. G. Moulton 
was elected second vice president to serve 
for the period ending October 1936. Also, 
John Arms was elected secretary, C. P. 
Hunt, treasurer, and O. E. Hovey, assistant 
treasurer, all to serve until October 1935. 

The names of the members of the board 
of trustees of the United Engineering Trus- 
tees, Inc., are given in the following tabu- 
lation. Those members having terms ex- 
piring in October 1935 and October 1936 
hold over from previous elections. Those 
shown having terms ending in October 1937 
and October 1988, took office at the January 
24, 1935, meeting, as a result of appoint- 
ment or reappointment. 


Terms expiring in October 1935 


C. W. Hudson A.S.C.E. representative 


George A. Easley A.I.M.E. representative 
Harold V. Coes A.S.M.E. representative 
H. P. Charlesworth (M’22, F’28 and junior past 
president) ; A.I.E.E. representative 
Terms expiring in October 1936 
John P. Hogan A.S.C.E. representative 
H. G. Moulton A.1I.M.E. representative 
D. R. Yarnall A.S.M.E. representative 
H. R. Woodrow (A’12, F’23) 

A.I.E.E. representative 
Terms expiring in October 1937 
Otis E. Hovey A.S.C.E. representative 
William L. Batt A.S.M.E. representative 
Terms expiring in October 1938 
A. L. J. Queneau A.I.M.E. representative 
G. L. Knight (A’11, F’17) A.I.E.E. representative 


In accordance with the 1934 revision of 
the by-laws, the terms of officers and mem- 
bers of the board of trustees have been 
changed so as to expire each year on the 
first of October, instead of in the following 
January. Also, the terms of members of 
the board of trustees are being changed 
from 3 year to 4 year terms. During the 
period of transition to the 4 year term 
basis, some of the societies will elect mem- 
bers for 3 year terms and others for 4 year 
terms. Starting with the official year be- 
ginning October 1, 1938, all elections will be 
for 4 year terms. In 1935, 1936, and 1937, 


the civil and the mechanical engineers shall 
each appoint or elect one trustee for a 3 year 
term, and the mining and electrical engi- 
neers one trustee each for a 4 year term. 
In 1938, the civil and mechanical engineers 
shall each appoint or elect one trustee for a 
4 year term, but the mining and electrical 
engineers shall not appoint or elect any 
trustee. In 1939 and 1940 every founder 
society shall appoint or elect one trustee for 
a4year term. Thereafter, as each term is 
completed, the appropriate founder society 
shall appoint or reappoint, elect or reélect, 
as provided in these by-laws, a trustee for 
the succeeding 4 year term. 

This means that for the 4 year term 
beginning October 1, 1938, the terms begin- 
ning October 1, 1942, and every fourth year 
thereafter, the mining and electrical engi- 
neers will not appoint or elect any trustee. 
For the 4 year term beginning October 1, 
1941, and every fourth year thereafter, the 
civil and mechanical engineers will not ap- 
point or elect any trustee. 


CoMMITTEES APPOINTED 


President Coes appointed the following 
committees: finance committee, G. L. 
Knight (A’ll, F’17) chairman, Otis E. 
Hovey, H. G. Moulton, W. L. Batt, and 
H. V. Coes, ex-officio; real estate com- 
mittee, H. R. Woodrow (A’12, F’23) 
chairman, John P. Hogan, A. L. J. Que- 
neau, H. V. Coes, and the secretaries of the 
4 societies, George T. Seabury,’ A. B. 
Parsons, C. E. Davies, and H. H. Henline. 


Election Held 
by Engineering Foundation 


The board of directors of The Engineering 
Foundation at its annual meeting held in the 
Engineering Societies Building, February 21, 
1935, reélected as its chairman H. P. 
Charlesworth (M’22, F’28, and junior past 
president) assistant chief engineer, American 
Telephone and Telegraph Company, New 
York, N. Y. Mr. Charlesworth is a repre- 
sentative of the A.I.E.E. on the board. He 
was previously elected chairman, as an- 
nounced in ELECTRICAL ENGINEERING for 
January 1935, page 134, to fill the unexpired 
term caused by the death of George W. 
Fuller. D. Robert Yarnall, a representa- 
tive of The American Society of Mechanical 
Engineers, and a member of the firm 
Yarnall-Waring Company, Philadelphia, 
Pa., was reélected vice chairman. The 
executive committee is composed of these 
2 members, together with the following 3 
persons: J. V. N. Dorr, member-at-large, 
president, The Dorr Company, engineers, 
New York, N. Y., and a representative of 
the American Institute of Mining and 
Metallurgical Engineers; Edwards R. Fish, 
member-at-large, chief engineer, boiler divi- 
sion, Hartford Steam Boiler Inspection and 
Insurance Company, Hartford, Conn., and 
a representative of The American Society 
of Mechanical Engineers; and O. E. Hovey, 
consulting engineer, American Bridge Com- 
pany, New York, N. Y., and a representa- 
tive of the American Society of Civil Engi- 
neers. Dr. A. D. Flinn was reélected direc- 
tor and secretary. 

The officers and executive committee of 
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Engineering Foundation are elected by 
The Engineering Foundation board from 
among its own members. The Engineering 
Foundation board is itself elected by the 
board of trustees of United Engineering 
Trustees, Inc. Members of The Engineering 
Foundation board who were elected at the 
meeting of United Engineering Trustees, 
Inc., on January 24, 1935, and who serve 
for terms of 4 years expiring at the annual 
meeting in 1938, or upon expiration of terms 
as trustees are as follows: 

Otis E. Hovey, trustee, to succeed Arthur S. Tuttle, 
A.S.C.E. 

A. L. J. Queneau, trustee, to succeed R. M. Roose- 
velt, A.I.M.E. 

Langdon Pearse, nominated by A.S.C.E. to suc- 
ceed Otis E. Hovey 

E. DeGolyer, nominated by A.!.M.E. to succeed 
himself 

Frederick M. Becket, to succeed George Gordon 
Crawford, member-at-large 

Harold V. Coes, ex-officio, president, United Engi- 
neering Trustees, Inc. 

The complete membership of The Engi- 
neering Foundation board, consisting of 
the above mentioned newly elected mem- 
bers, and the members holding over from 
previous elections, is given in the following 
list: 


Four Trustees of U.E.T. Inc. 


Otis E. Hovey A.S.C.E. 1937 
A. L. Queneau A.L.M.E. 1938 
D. Robert Yarnall A.S.M.E. 1936 
H. P. Charlesworth (M'22, A.I1.E.E 1935 
F’28, and junior past 
president) 
Eight Members Nominated by Founder Societies 
George E. Beggs A.S C.E. 1935 
Langdon Pearse A.S.C.E 1938 
George D. Barron A.I.M.E 1936 
E. DeGolyer A.I.M.E 1938 
Albert E. White A.S.M.E 1935 
W. H. Fulweiler A.S.M.E 1936 
C. E. Skinner (A’99, F’12, A.I.E.E 1935 
and past president) 
W. I. Slichter (A’00, F’12, A.I.E.E. 1936 
and national treasurer) 
Three Members-at-Large 
Frederick M. Becket 1938 
J. V. N. Dorr 1935 
Edwards R. Fish 1935 


Ex-officio, President, U.E.T., Inc. 
Harold V. Coes 


The new chairman of Engineering Foun- 
dation, H. P. Charlesworth, was also elected 
as the Foundation’s representative on the 


executive board of National Research 
Council. 
At this meeting, the chairman was 


authorized to appoint a committee of 3 to 
consider the subject of platform and general 
program for the Foundation, utilizing 
the results of previous studies, and if prac- 
ticable, reporting to the board in advance 
of the next meeting. Subsequently the 
chairman appointed the following to this 
committee: Otis E. Hovey, chairman, D. 
Robert Yarnall, and H. P. Charlesworth. 


Annual Report Issued by United 
Engineering Trustees, Inc. 


The annual report of United Engineering 
Trustees, Inc., for 1934 has been submitted 
by its president, Harold V. Coes. In this 
report, it is pointed out that properties for 
which the corporation is responsible (real 
estate at cost, funds at book value, and 
library as appraised) total nearly $4,000,000. 
The aggregate value of investments on 
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Table [—Summary of U.E.T. Finance Committee Report for 1934 


——— Se 


Operation of Building 


Gross Operating Revenue.........eesereeeeeeceees 
Less Operating Expenditures.........+++++seeeeeee 


Net Operating Loss......-.- see ceeeeeteeeeeee 
Uncollectable Accounts Written Off*.........+++6+- 


Net Decrease for, Veatec.s, sce cles soe cinies elses: ; 
Transfer of Revenue to Depreciation and Renewal Fund..........-- 


Net Decrease for Year.........serereccccecees ial etolecsen na rer ore 
Credit Balance in Activity Account Jan, 1, 1934...-. 


Credit Balance in Activity Account Dec. 31, 1934.... 


re er a 


Pe ee ee 


$85,160.11 
93,852.96 


8,692.85 
2,916.00 


$1,667.23 


Operation of Library 


Maintenance Revenue..........ccsccccececccesvcs 
Maintenance Expenditures.........6.ceeeccceesees 


Credit Balance for year 1934...........00--eeeee 
Transferred to Search Bureau........-++eeeeerees 


Net Credit Balance for year 1934............-+.- 
Credit Balance from previous year...........-++- 


Credit Balance Dec. 31, 1984.............-0es00% 


Service Bureau Revente...............ccecccccees 
Service Bureau Expenditures and Adjustments...... 


Debit Balance CDencil) nireiieeiersieloreta: elev eteieloraterererels 
Transterred trom erDLatyiare. co ever<ieleldetersteieve ck ciers state 


Balance in Activity Account for year 1934........ 
Balance in Activity Account Dec. 31, 1934........ 


Total net operating credit balance cumulated to Dec. 31, 1934...... 


eee reer reer ere 


sete errr eeeeee 


eee reer eer eene 


Pee 


eee reer ee erene 


re 


eee ee eee er ereens 


eee ee eres eeeee 


$3,697 .83 


0.00 
$5,365 .06 


Funds and Property 


Funds held by U.E.T., Inc., Dec. 31, 1934 (book value) 
Henry R. Towne Engg. Fund..........2-..-ssce0. 


** Combined Fund: including 


Depreciation and Renewal...........cssccccccce 
GetteraliReserve in cicp cies eyeteielatsle/oateisis|clajureistel s/atels 
Engineering Mound ation seac cere cicicrelere vicderssentiaisisiers 
Library Endowisents sp0's wiv sials o.s © clare cs eiceeis «ale 
Edward Deait A darmisijocis. ois oc 'svasie'svsielatesels sicle oie 


Se 


eee ewer er ereee 


a ery 


i rca 


$50,000.43 


$332,443.80 
0.00 
783,101.21 
174,544.32 
100,000.00 


$1,390,089 . 33 


Less deferred charge representing net loss from sale of securities 
from Dec. 31, 1929 the date of establishment of the Combined 


Barnrditoy Decals 1934 tem ccteruoetonetareesisaerstayrenscers 


Real Estate, cost to Dec. 31, 1934.......ccceccsees 
Operating = Cash ire ycc circ closer cisveleeneieterteerels staterenele 


Ce 


Cr ey 


er er) 


i aaa 


94,905.46 1,295,183 .87 
$1,987,793 .92 
$6,297 .97 
250.00 6,547.97 
1,261.61 
480,800.00 


$3,821,587. 80 
3,500.00 


$3,825.087.80 


* Personnel Research Federation, $2,901.00; halls revenue, $15.00; total, $2,916.00. 
** A group of funds managed as if one for convenience and economy in investment transactions. 


December 31, 1934, was $1,338,852.98, and 


the market value was $1,236,677.25. 

As previously announced, Dr. Alfred D. 
Flinn resigned as secretary (although con- 
tinuing as director and secretary of The 
Engineering Foundation) general manager 
John Arms being elected to the office of 
secretary in addition to holding that of 
general manager. This change necessitated 
other changes in the methods of carrying 
on the corporation’s activities. 

During the year, improvements were 
made in the Engineering Societies Building, 
desirable changes were made in the by-laws, 
the arrangements for fire insurance coverage 
for the building were changed so as to result 
in appreciable saving, and other work 
necessary for the maintaining of the Engi- 
neering Societies Building, and the handling 
of the funds entrusted to United Engineering 
Trustees, Inc., was carried on. ‘The trus- 
tees found the time inopportune to restore 


the salary cuts in effect for the staff, so that 
this economy remains in the 1935 budget. 

A summary of the report for 1934 of the 
finance committee of this corporation ap- 
pears in table I. 


Annual Report Issued 
by Engineering Foundation 


The annual report of The Engineering 
Foundation for 1934 has been submitted by 
H. P. Charlesworth (M’22, F’28, and junior 
past president) chairman of The Founda- 
tion, and Dr. Alfred D. Flinn, its director. 
The Engineering Foundation was founded 
by Ambrose Swasey (HM’28) in 1914; 
Doctor Swasey has made 3 bequests to 
Foundation, totaling $750,000. 

In the report it is shown that the capital 
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fund of The Engineering Foundation con- 
sists of endowments having a total book 
value on December 31, 1934, of $882,000, 
and the E. H. McHenry bequest, in the 
hands of executors during the lives of 2 bene- 
ficiaries, appraised in 1931 at approxi- 
mately $400,000. During 1934, the income 
from the endowment, temporary invest- 
ment of income balance, and minor 
items, totaled $44,061.38; and expendi- 
tures for research projects, promotion of 
research, and administrative expenses to- 
taled $33,482.99. This excess of income 
over expenditures during 1934 resulted in 
an increase of balance from $11,202.75 to 
$21,781.14. 

The following brief summary of activities 
during 1934 was given: 

“Activities in 1934 included investiga- 
tions of concrete and reinforced concrete 


arches, earths and foundations, and plastic 
properties of concrete, in the civil engineer- 
ing field; critical review of the world’s 
literature on alloy irons and alloy steels 
since 1890, and barodynamic research, both 
sponsored by the American Institute of 
Mining and Metallurgical Engineers; in 
coéperation with committees of The Ameri- 
can. Society of Mechanical Engineers, 
studies of effects of temperature on proper- 
ties of metals, cutting of metals, thermal 
properties of steam, mechanical springs, 
riveted joints, and wire rope; under sponsor- 
ship of the American Institute of Electrical 
Engineers, an electric welding research on 
pure iron electrodes. Assistance was given 
also to Engineers’ Council for Professional 
Development, Personnel Research Federa- 
tion, and an investigation of The Engineer- 
ing Index.” 


PAneroricns enaincrins Council 


A.E.C. Reports 
From Washington 


F ottowinc are excerpts from the 
current news letter released by American 
Engineering Council, the ““‘Washington Em- 


bassy”’ of engineers, which appear to be of . 


particular interest to members of the Insti- 
tute: 


PROCEDURE AS TO LEGISLATION 


‘With so much of engineering interest at 
stake in the current session of Congress, it 
seems timely to summarize the policies and 
methods followed by Council in legislative 
matters. The staff has for its guidance: 


1. Policies adopted by the assembly and adminis- 
trative board at annual meetings. 

2. Advice on new matters from special and stand- 
ing committees. 

3. Precedent of several years on matters which do 
not require new rulings. 

4. The viewpoint of public interest as a funda- 
mental reason for participating in legislative 
activities. 

5. The corollary viewpoint of advancing the eco- 
nomic status of the profession. 


The factors of public interest and the 
status of the profession are closely related in 
problems constantly arising in connection 
with the federal program, due to the extra- 
ordinary relation of government to business 
at present. Competent engineers must be 
employed where engineers belong if the 
public interest is to be protected against 
faulty planning and wasteful execution. 

Although the ‘‘Washington Embassy”’ of 
engineers may not jump into drastically 
new lines of action in the name of the pro- 
fession without due consultation and ap- 
proval, it is not hemmed in by ponderous 
procedure. The precedent set on past 
work, recognized as in the interest of the 
profession, gives sufficient latitude for 
quick action on immediate, practical steps 
and leaves only the long-range phases for 
more deliberate action. 

Legislation which Council follows for 
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engineers includes the following general 
categories: 


1. Construction. Federal appropriations and ad- 
ministrative machinery for construction. (The 
work-relief bill.) 


2. Development of Industries. Amendments to the 
National Industrial Recovery Act, new patent 
legislation, etc. 


8. Development of Natural Resources. Bills relat- 
ing to water power, navigation, reclamation, soil 
erosion control, surveys and maps, and similar 
public activities wherein the engineer serves in the 
development of “our national] plant.’’ 


4. Engineers’ Welfare. General legislation in the 
field of unemployment insurance, old-age pensions, 
etc; bills such as civil service measures, engineers’ 
compensation on federal and relief work, etc., more 
directly affecting the engineer, 


Scores of bills under each of the above 
headings are under consideration. With its 
limited staff Council is obliged to concen- 
trate on those of the greatest importance to 
the profession. Where needed, information 
and arguments are presented to Congres- 
sional committees in open hearings or 
otherwise. Council fills frequent requests 
from federal agencies setting up programs 
along engineering lines, for information as to 
features of concern to the profession. The 
public affairs committee and .its subcom- 
miittees are sent copies of important bills and 
documents and are kept generally informed. 


Work RELIEF BILL 


Council has been following the federal 
work relief bill in Congress, and has been co- 
operating with some of the planners of this 
bill. It is pointed out that jobless engineers 
are at a disadvantage in seeking placement 
under the program until it is revealed just 
which agencies will handle the various proj- 
ects; present steps may include registration 
with the nearest U.S. employment office, 
securing of political endorsements from 
county chairmen upward, filing applications 


with federal agencies in Washington or in 
field offices, and taking civil service ex- 
aminations. 


SURVEY OF THE ENGINEERING PROFESSION 


Work is being carried forward on the sur- 
vey of the engineering profession being made 
by the U. S. Department of Labor in co- 
operation with A.E.C. and the national and 
local engineering societies. An item on this 
census of engineers was given in ELECTRICAL 
ENGINEERING for December 1934, page 
1677, with shorter items in the January and 
February 1985 issues, pages 185 and 252, 
respectively. The list of engineers to 
whom the questionnaires will be sent has 
now been compiled, this work having taken 
longer than expected due to the fact that the 
engineering societies codperated so well 
that a list of upward of 170,000 names has 
been compiled, instead of the expected list 
of. 100,000. This work has been carried on 
with the assistance of 12 relief workers in 
New York City, and it is expected that the 
questionnaires will be sent out soon. All 
members receiving these are urged to fill 
them out and return them promptly, as the 
survey will be valuable in any analysis of 
the status of members of the engineering 
profession. 


OTHER ITEMS 


The plan for public affairs committees of 
Council in each locality (see ELECTRICAL 
ENGINEERING for February 1935, page 251) 
may be accelerated in cities having sections 
of national engineering societies. The sec- 
tions may appoint representatives on a 
central committee to handle matters of 
joint interest. Also, considerable interest 
in Council’s new membership plan has been 
shown by several local societies. 

The National Bureau of Economic Re- 
search in whose work A.E.C. is a codper- 
ating agency, reported noteworthy progress 
and good financial condition at its annual 
meeting in February. A number of studies 
and reports relating to engineering and 
industry have been made by this bureau. 
Detailed information may be secured by 
writing the bureau at 1819 Broadway, New 
York, N. Y. 

The holding company bill now before 
Congress, as phrased at present, tends to 
extend federal jurisdiction over the practice 
of engineering under contract with utility 
firms, according to a resolution by the 
American Institute of Consulting Engineers, 
asking Council to intervene. 

L. W. Wallace, formerly executive secre- 
tary of A.E.C., and during the past year vice 
president of the W. S. Lee Engineering 
Corporation, located at Washington, D. C., 
is now in Chicago, Ill., as director of equip- 
ment research for the Association of Ameri- 
can Railroads. 

The office of the American Engineering 
Council, at 744 Jackson Place, Washington, 
D. C., will gladly supply material to indi- 
viduals wishing to give talks on what 
A.E.C. is doing for the engineer. It also 
will supply, upon request, copies of the 
minutes of the secretaries’ conference and 
of the symposium on federal activities pre- 
sented at the annual meeting of A.E.C., 
which was reported in ELECTRICAL ENGI- 
NEERING for February 1935, page 251-3. 

According to a recent newspaper account 
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which credits the National Society of Pro- 
fessional Engineers with starting a move- 
ment to call the operators of locomotives 
“engine men’ rather than ‘engineers,’ 
Casey Jones is rotating in his grave. The 


story neglects to say that Council has sup- 
ported this nomenclature for a good many 
years and that federal classifications conse- 
quently have noted the change long before 
now. 


eemere to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or 
other subjects of some general interest and pro- 
fessional importance. ELECTRICAL ENGINEERING 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
in whole or in part, or to reject them entirely. 


STATEMENTS in these letters are expressly un- 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog- 
nition by the American Institute of Electrical 
Engineers. 


CORRECTION—Figures 2 and 3 in [the 
“Letter to the Editor’ by E. H. Nelson 
and Sidney Rock entitled ‘Over-com- 
pounded D-C Generators in Parallel With- 
out an Equalizer’ in the March 1935 issue 
of ELECTRICAL ENGINEERING, page 347-8, 
should have been interchanged. In further 
explanation of the text, the point on these 
2 reproductions of oscillograms at which 
the equalizer was opened is about 1/4, inch 
from the left-hand side, and the point at 
which the equalizer was closed is at the 
sharp break in the curves near the middle. 


An Engineer’s Thought 
on the Economic Scene 


To the Editor: 


The following refers to the addresses on * 


“What Place the Engineer in the Changing 
Economic Scene?” by Dr. Virgil Jordan and 
Col. W. T. Chevalier, published in Exrc- 
TRICAL ENGINEERING for November 1934, 
page 1546-51: 

Doctor Jordan, if I understand him 
correctly, offers no explanation and suggests 
no remedy for our present economic chaos. 
He confuses the economic with the financial 
aspects in a quite orthodox fashion. Colo- 
nel Chevalier at least ventures to express 
the pious hope that our next generation 
will learn to put a premium on creation of 
wealth rather than acquisition of wealth. 
Just why we should wait for the next gen- 
eration is not quite clear. 

At present there is an analogy going 
around, which I have not seen in print so 
far. A private water company was formed. 
It employed laborers on the condition that 
for every gallon of water they put into the 
company’s storage tank, they, the laborers, 
received one gallon. The laborers sold their 
surplus water or traded it for goods they 
needed and all was well. But suddenly the 
company found their tank full and naturally 
enough laid off all their help. The laborers 
were told that when they had bought 
enough water from the company, they would 


460 


be put back to work again and prosperity 
would return. The laborers told the com- 
pany that they had nothing and could buy 
no water until they got back to work. 

A 2 weeks’ intermission followed, while 
the company officials cogitated and rumi- 
nated. Finally it was decreed that an 
advertising specialist should be called in. 
After making a careful detailed analysis of 
the situation, he concluded. that advertising 
was the remedy. Tell the folks about your 
wonderful water. And the tank stayed 
full, except of course for the fee of this 
specialist. Etc., ad libitum. 

In other words, the public works pro- 
grams, the housing plans, etc., can accomp- 
lish nothing as long as they are to be self- 
liquidating, which means that the consumers 
(the workers) are to foot the bill. When the 
federal government gets ready to start 
extensive projects to be paid for out of 
income and inheritance taxes on the higher 
and highest brackets, i. e., to be taken from 
the water storage tank, then things will 
begin to move and will stay moving. That 
will be fine for business, but not so good for 
the financiers. This is production for use 
and it is the only way out. To fit this into 
the existing order so as to produce the least 
dislocation of essential functions is the real 
problem. Electrical engineers interested in 
transient phenomena may well try their 
hands at this and let us hear from them. 
Engineers ought to be interested in social- 
economic problems and ELECTRICAL ENGI- 
NEERING ought to be a proper forum. 

Very truly yours, 
B. F. JAKOBSEN (A’09, M’13) 
(Consulting Engineer, Central 
Building, Los Angeles, Calif.) 


Reignition of an Arc 
at Low Pressures 


To the Editor: 


In a recent ‘Letter to the Editor” 
(ELEcTRICAL ENGINEERING for December 
1934, pages 1679-80) R. C. Mason criticizes 
the theory of the transition from a glow 
discharge to an arc proposed by us in a paper 
“Reignition of an Arc at Low Pressures” 
(ELECTRICAL ENGINEERING, volume 53, 
July 1934, pages 1081-5). 

Mr. Mason claims that the data show that 
it is impossible for a sufficiently high electric 
field to be produced in the abnormal glow 
discharge to produce “‘field currents” from 
the cathode. He assumes that a field of 
2 X 107 volts per centimeter is necessary to 
produce such field currents. This figure is 
correct for tungsten which has been very 
carefully outgassed in a very high vacuum. 


However, if tungsten or any other metal is 
used which has not been outgassed, then 
field currents will appear at about 10° volts 
per centimeter. Obviously the latter condi- 
tion obtains in a glow discharge. 

Mason further assumes that the length of 
the cathode drop remains constant as the 
current is increased, so that an abnormal 
cathode drop is produced. This is not true. 
The field increases at the cathode primarily 
because the region of the cathode drop 
diminishes and thus produces a greater field 
at the cathode. 

Only a very small amount of impurity on 
the cathode is necessary to act as a trigger 
action in the transition from a glow to an 
arc. This small amount can produce an 
excess of electrons from the cathode at that 
spot and these electrons due to ionization 
produce the high field necessary. Since 
this effect is cumulative, only some kind of a 
trigger action is necessary to start it. The 
theory is presented more in detail in ‘‘Cath- 
ode Drop in Arce Discharges’ by S. S. 
Mackeown (ELECTRICAL ENGINEERING, vol- 
ume 51, June 1932, page 386-8). 

While it is true that there is not sufficient 
experimental data to give a good quantita- 
tive check of this theory, nevertheless the 
theory is consistent with all quantitative 
data that are available. 

Simple energy considerations show that, 
if a high field does exist in the cathode drop 
of an arc, then that field must be produced 
during the transition from a glow discharge 
to an are. It is only during a transition 
from a high to a low cathode drop that the 
high energy density in the cathode drop of 
an arc can be established. If for any reason 
this energy is dissipated, it is necessary for 
the arc to change to a glow discharge before 
this high energy density at the cathode can 
be reéstablished. 

Very truly yours, 

S. S. Mackrown (A’27, M’34) 
(Asst. Prof. of Elec. Engg., 
Calif. Inst. of Tech., Pasadena) 
J. D. Cosine (Enrolled Student) 
(Instructor in Elec. Engg., 
Harvard Univ., Cambridge, Mass.) 


Why Use Vectors 
and Complex Notation? 


To the Editor: 


Quite recently an important electrical 
periodical has published a discussion of a-c 
vectors and the use of complex quantities. 
Many such presentations of the use of com- 
plex notation in a-c studies are confusing to 
students and it appears that this is partly 
due to authors failing to mention explicitly 
the fundamental ideas that form the founda- 
tion of the engineering use. 

A development of the subject that is 
simplified to an extreme may be suggested 
as follows. It is only the sketchiest sort of 
outline that is offered here and the reader 
must complete the story. In fact, an effort 
has been made to give in this outline only 
those basic principles that are in general 
most neglected. 

Alternating voltages. and currents are of 
sinusoidal form, and so a voltage (for in- 
stance) whose maximum value is E,, may be 
written as a function of time 


e = E,, cos wt (1) 
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Such a sinusoidal voltage, and only one that 
is sinusoidal, may be represented by a vec- 
tor in the following manner: A vector of 
length #,, rotates with an angular velocity w 
and its projection on a fixed axis—with 
which it always makes an angle wi—is equal 
to E,, cos wt. See figure 1. With this un- 
derstanding a vector may represent the 
voltage at all times, for at any particular 
instant its projection on the axis is equal 
to the instantaneous value of the voltage e. 
The voltage is not the vector, but only the 
projection of the vector, and vectors are 
used because it is easier to speak of the 
vector voltage £ than to write equation 1. 

It is mathematically expedient to use com- 
plex notation, and to measure “real’’ 
numbers along the reference axis of figure 1, 
and to measure ‘“‘imaginary”’ numbers along 
an axis at right angles to it. The vector 
of voltage is then revolving in the ‘‘complex 
plane”’ as in figure 2 and at any instant its 
“real” component is the instantaneous 
value of voltage e as in equation 1. Hence 
it is only the ‘‘real’’ component of the vector 
- that has an electrical meaning. 

Complex notation is introduced for con- 
venience only, because it is useful mathe- 
matically. We wish to add vector quan- 
tities (as 2 voltages, or 2 currents) and to 
divide (as a voltage by a current), because 
it is expedient to add and to divide vectors 
instead of computing with the instantaneous 
values given by equation 1. It happens 
that the addition of voltage vectors, ac- 
cording to the rule for addition set forth 
in algebra of complex quantities, gives a 
resultant vector which represents a voltage 
that is the sum of the 2 component voltages. 
That is to say, if e; be added to e, where 


q = Fm COS wt 

a. = Be cos (wi 4 6) 

the actual resultant voltage is 

é3 = 1 + & = Em cos wt + Enm cos (wt + 4) 
(2) 

The rule for adding complex quantities is, by 

definition, 


(a + jb) + (¢ + jd) = (@+c¢) + j(6+ 4) 
and if the voltage vectors are added accord- 
ing to this rule the complex sum is a vector 


FE; which properly represents the voltage 
és; because its real part is always equal to the 


Em COs wt 


Fig. 1 


sum of the real parts of its components and 
it therefore satisfies equation 2. The addi- 
tion may be done graphically. 

In an ordinary electric circuit a voltage 
e = E,, cos wt will produce a current z = J, 
cos (wt — ¢). This is established experi- 
mentally. There is no simple relationship 
between these quantities, but there is a very 
simple one, called impedance, between their 
vectors. For if we represent the voltage by 
a vector E, and the current by a vector J, 
those vectors will be rotating at the same 
velocity w, and a constant angle ¢ will always 
separate them. When the vectors are rep- 
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resented by complex quantities one may ex- 
press this relationship by saying that the 
voltage “divided” by the current is a con- 
stant, and the division is performed accord- 
ing to the rule of complex algebra which 
says 


anaes pie ee) 


cee ea) 


This constant ratio is then called “imped- 
ance,’ It is worthy of note that the usual 
concept of impedance has meaning only in 
terms of vectors. This is the chief justifica- 
tion of the use of complex quantities in 
electrical engineering, for without such a 
system the job of finding the current which 
would result from a given voltage would not 
be the simple computation that it is. 
Another approach which is available for 
more mathematically minded students 
would begin by writing the instantaneous 
voltage as 
jut —jut 
e= E,, cos wt = Ey 
1 2 ry 
= Q (Ene?! a> me Jot) (4) 


The voltage is therefore half the sum of 2 
quantities which may be identified as vectors 
rotating in the complex plane, and since the 
quantities are conjugate the vectors are of 
equal magnitude but rotate in opposite di- 
rections. In the same way, current is 


i =F Uncilor#) + Inedor#)) (5) 


The ratio of the vectors with angular ve- 

locity + w is 
jot 

se a cen it 2Z (6) 

Ime! (wt-¢) TBS 

and this is identical with the impedance of 

equation 8. The ratio of the vectors with 

angular velocity —w is similarly 

Eagar. 

= eS 7 

a (7) 

and this is the conjugate of impedance as 

defined above. To handle a-c problems ina 

simple manner, then, proceed as follows: 

Discard the conjugate vectors of equations 

4 and 5 and write 


E = E,<Jet 
[ee 7. cilot-9) (8) 


with the convention that the voltage and 
current are the real parts only of the vectors. 
The usual concept of impedance is the re- 
sult, as in equation 6, and it is unnecessary 
to carry through the conjugate impedance 
of equation 7. But when the answer is 
obtained it must be interpreted in accord 
with the convention specified. 

Many other presentations will doubtless 
be found equally good or better (for a good 
engineering treatment see “Differential 
Equations for Electrical Engineers,’ by P. 
Franklin; John Wiley and Sons, 1933) but 
there is one matter which is seen so often in 
print that it may deserve special mention. 
It has to do with the definition of 7. The 
symbol j, we often read, is defined as an 
operator that rotates a vector through 90 
degrees, and 7-7:E leads E by 180 degrees and 
since the magnitude is unchanged it equals 


—. These operations are by definition of 
j and are irreproachable. But j in such a 
case is not a number; it is a symbol of opera- 
tion, for it has been so defined, and one can- 
not take the square root of a symbol of 
operation. While it is perfectly true that 


j-j-E=jE = —-E 
it is too naive to say therefore 
yf = —landj = /-1 (9) 


A similar disregard for definition could lead 
one to say that 


da, a? 
in 


Frees = 72 Sine = — sin x 

and it therefore follows that 

d? d — 

a and — V =i (10) 


Of course the difference between equations 
9 and 10 is that by universally accepted 
definition and notation_the former is true 
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But the methods of 


and the latter is not. 
derivation of the 2 equations are equally 
erroneous, for in each case a symbol of 
operation has been treated as if it were a 


number. To derive equation 9 properly, 
adopt the following definition of multiplica- 
tion of complex quantities: 


(a + jb)(¢ + jd) = (ac — bd) + j(ad + ap 


Then let a = c = Oand b = d = 1, and one 
finds j1jl = —1. If by convention the 
symbol j is written to mean the number jl, 
one may now proceed to equation 9 with 
complete rigor by application of the defini- 
tion of square root. It is essential to note 
that j (apart from the agreement to desig- 
nate jl by this symbol) is not itself a number 
and does not equal 7/ —1. Thus the use of 
the symbol j in (a + 7b) may be said to bea 
useful shorthand notation for ‘‘the ordered 
pair of real numbers a and b.”’ In fact, a 
careful approach to the study of complex 
quantities is by way of ordered number 
pairs. (An excellent discussion of complex 
quantities appears in “‘Pure Mathematics,” 
by G. H. Hardy; Cambridge University 
Press, 1925.) 

This is not the hair-splitting quibble that 
it may seem, for in the absence of a definition 
of multiplication such as is supplied by 
equation 11 there is no way provided by 
mathematics to multiply together complex 
quantities. Should this not be clear it will 
become so if one will start with the formula- 
tion of the number system and review the 
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definitions of multiplication. It is perhaps 
unreasonable to expect a student of ele- 
mentary engineering to comprehend the 
“foundations of arithmetic,” but his lack of 
familiarity with mathematical modes of 
thought does not justify confusing him with 
loose statements for the sake of a specious 
simplicity. 
Very truly yours, 
Hucu SKILLING (A’28, M’34) 
(Dept. of Elec. Engg., 
Stanford University, 
Calif.) 
H. M. Bacon (Nonmember) 
(Dept. of Mathematics, 
Stanford University, 
Calif.) 


Loading a Bank of 


Dissimilar Transformers 


To the Editor: 

In the article by J. A. Bock on the ‘“‘Load- 
ing a Bank of Dissimilar Transformers” 
published on pages 1597-8 of the December 
1934 issue of ELECTRICAL ENGINEERING, 


the first fundamental equation J, = —j V3 
I, is incorrect for the assumptions made. 
In spite of this fact, however, his equation 
11 is right. To correct this mistake and 
clarify whatever misleading notions that 
may be derived from the faulty equation, 
is the purpose of this letter. The notations 
used by Mr. Bock in his article will be 
adopted here. Furthermore, let 


Za = Rat jXa 

Zp = Re +jXe 

Ve Ro ti Xe 

I, be the direct sequence current in the 
windings of the transformers 

Te: the zero sequence current in the windings 
of the transformers 

Under the assumption that J, 
(see figure 1) we get 


= 1, = I, 


I, = I, aR I, 

Ip = ola + Io 

Ic = ala +h 

The line currents 

ee ey a, 
i a Ig 

) ae A 

Therefore 


0= NaEa' + NeEs’ + Nekc’ — [(fa + 
Ih) Za + (fe + 1y)Z3 + (els + Io) Zc] 
Hence If £4’! = Ep’ = Ec’ we get 
E4'(Na + o2Ne + Nc) _ 
Zat+Zet+ Ze 
Za t+ atZ3 + alo 
Zat+Ze+Ze 


Under the 2 assumptions made it could 
clearly be seen that the unbalance in the 


doce 


[. 
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current of the transformers is due to 


(a). The difference in the ratios of transforma- 


tions and to 
(b). The difference in the impedances of the 


transformers 
The total current in the secondary wind- 
ing of transformer A is 


Taso Ig 
_ La'(Na + NB + aNc) 
Za+Zs8+ Ze ¥, % 
Iu(aZp — a®Zc) 
ZatZep+Ze 
Iz == Ih + al, 
_ Ea'(Na + a?Nez + aNc) ie 
Zat+Zp+Ze at ; 
| ee AN 
Zat+Ze+Ze 
and 
Ic — Io + alg 


S E4'(Na + o?Np + aNo) 
7 Zat+Zep+Zc es 
T.(a?Z4 — Zp) 
Zat+Zp+Ze 
If we assume that the ratios of transforma- 
tions of the 3 transformers are equal then 


Za + eZ, + aZo 


ipown ie 


ZatZe+ Ze 
and 
By gly (aZp — a*Zc) 
ae +Ze+Zce 
= (Ze eZ 4) 
~ Za+Zet+ Ze 
and finally 


_ 1etZs — Zp) 
Za+Zn+Ze 
If on the other hand the ratios of trans- 
formations are unequal but the impedances 


are equal in both moduli and arguments 
then 


E4'(Na + Np + aNc) 


In = = = = 
Hh oe VA ae SRG 
and 
Ea4'(Na + aNp + aNc) Ig 
Ig = id te 
Za+Za+Zo /3 
-  Ea'(Nat+a2Ne+aNc) I 
0 —— ea 
B ire eae aNa 
and 
io= E4'(Na + Nz + eNe) Ta 20 


Li RE Fo ST cs 
In all the preceding it should be kept in 
mind that Jo is the circulating current in the 
transformers due to the unbalance. 


Yours very truly, 
E. M. SaBpacu (A’28) 
(Instructor in Elec. Engg., Pur- 
due University, Lafayette, Ind.) 


Operational 


Calculus 
To the Editor: 

In my commentary appearing as a “‘Let- 
ter to the Editor’ in the December 1934 
issue of ELECTRICAL ENGINEERING, p. 1681, 
2D operational theorems are given. The 
first and so-called “transfer”? operator is 
Lagrange’s (Oeuvres, volume 3, 1772, page 
450) symbolic form of Taylor’s theorem 
(“Methodus Incrementorum,”’ W717, V75F, 
page 23). The second theorem (functional 
derivative of a product) is my own, and I 
append herewith a crisp derivation of same. 

Within the scope of Teixeira’s theorem 
(1900; g. v., “Modern Analysis,” Whittaker 
and Watson, 4th edition, page 131) it is 
possible to expand one function in terms of 
another: 


n=+o 
¢(t) = > A,LF()]” 
n=—o© 
Consider now the functions ¢,(t) and ¢,(é), 
and the functional operator ¢o0(D). Let: 
oD) = Amen 
oi(t) — Bees 
and with D; operating on ¢; ( ) only, 
oD) {di(t)ox(t)} = 


m=+o n= + ood 
-)> Ba > Ane™*)Go(t + 2) 
m= —o n=-—o 
m=+o n=+o 
me DY Agerm P(t) 
m= at 9 
m=+o 
= ; Bre bom + Ds)¢2(t) 
m=—o 
m= + © 
= > "Bre? go Da) Gal) 
m=—o 


= gilt + Do)po( D2) 2(t) 


From this result, other interesting and use- 
ful theorems are easily derivable. 

While in my above referred to communi- 
cation the unit function appears as 1(;), I 
much prefer the form 1(¢) since its nature is 
that of an ordinary function and not an 


operator as is sometimes supposed. 
Thus: 


p- {¢ (t) 1(¢)}=Lim ii * o(t)1(t)dt 
n>O0rn 


For a diversity of mathematical and dy- 
namical reasons, I believe my equivalent 


form: 


p7'o(t)1()= of) * p(t)1(t)dt 


where € is a positive infinitesimal of arbi- 
trarily high order, superior to the above. 
Also, ¢ OS should be corrected to ¢ $ 0, 
and my street number is 52 and not 32. 
Very truly yours, 
I. H.  Barxey (A’29) 
(Technical Consultant, 
2020 52nd St., Brooklyn, 
N. Y.) 
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W. F. WE ts (A’99, F’12) first vice presi- . 


dent and general manager, and a director, 
of the Brooklyn Edison Company, Inc., 
Brooklyn, N. Y., retired March 1, 1935, 
after more than 42 years of service. Mr. 
Wells studied at Rutgers College, and in 
1892 entered the employ of the Edison 
Electric Illuminating Company of Brooklyn, 
predecessor of the Brooklyn Edison Com- 
pany. Several years later he became con- 
nected with other companies, which later 
merged to form The New York Edsion 
Company, and was associated in the con- 
struction of the Waterside generating sta- 
tion, being placed in charge of its operation 
upon completion in 1901. In 1905 he re- 
turned to the Brooklyn company as general 
superintendent, and in 1913 was elected 
vice president and general manager and a 
director of this company and of the Kings 
County Electric Light and Power Company, 
these companies forming the Brooklyn Edi- 
son Company in 1919. Mr. Wells was a 
member of the Institute’s committee on 
power stations (now power generation) 
1917-19, and took an active part in the 
work of other societies and organizations. 


T. R. Lancan (A’18, M’30) since 1931 
northeastern district manager, Westing- 
house Electric and Manufacturing Com- 
pany, New York, N. Y., has been appointed 
traffic manager of the company with head- 
quarters at East Pittsburgh, Pa. Mr. Lan- 
gan studied at Pratt Institute and at Car- 
negie Institute of Technology, and was 
employed by the Westinghouse company 
in 1904. He engaged principally in electric 
railway engineering, and in 1919 was trans- 
ferred to the sales department, becoming 
manager of the Syracuse, N. Y., office in 
1922. Two years later he became trans- 
portation manager of the northeastern dis- 
trict, and more recently district manager. 
Among the important operations with which 
he has been associated may be mentioned 
the electrification of the New York, New 
Haven and Hartford Railroad, and subway 
and elevated rapid transit train service in 
New York, N. Y., and Brooklyn, N. Y. 


H. P. CHARLESWORTH (M’22, F’28, and 


junior past-president) assistant chief engi-’ 


neer, American Telephone and Telegraph 
Company, New York, N. Y., has been re- 
elected as chairman of the board of the En- 
gineering Foundation. He was 
chairman recently to fill an unexpired term 
as announced in ELECTRICAL ENGINEERING 
for January 1935. Mr. Charlesworth is 
the Institute’s representative on the board. 
He is also serving the Institute at present as 
chairman of the committee on Institute 
policy and a member of the Edison medal 
and code of principles of professional con- 
duct committees, as well as representative 
of the Institute on the John Fritz medal 
board of award. He has also served on 
other Institute committees, and was a 
manager 1923-27, a vice president 1930-32, 
and president 1932-33. — 
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elected © 


G. H. BucHEer (M’24) president and gen- 
eral manager, Westinghouse Electric Inter- 
national Company, New York, N. Y., has 
been elected a vice president of the West- 
inghouse Electric and Manufacturing Com- 
pany. Mr. Bucher is a graduate of Pratt 
Institute, Brooklyn, N. Y., and has been 
with the Westinghouse organization since 
1909. In 1911 he was transferred to the ex- 
port department at New York and in 1920 
was appointed assistant to the general 
manager of the Westinghouse Electric In- 
ternational Company. In this company 
he advanced to the successive positions of 
assistant general manager in 1921, vice presi- 
dent and general manager in 1932, and 
president and general manager in 1934. 


F. D. Newsury (A’07, F’21) general 
manager, machinery engineering, Westing- 
house Electric and Manufacturing Com- 
pany, East Pittsburgh, Pa., has been re- 
elected as a member of the executive com- 
mittee of the electrical standards committee 
of the American Standards Association. 
Mr. Newbury has been a member of the 
Institute’s standards committee since 1919, 
and was its chairman 1928-31. He also 
has been Institute representative on the 
United States national committee of the 
International Electrotechnical Commission 
since 1923, and representative on the elec- 
trical standards committee of the American 
Standards Association since 1931. Mr. 
Newbury has served on several other In- 
stitute committees, and was chairman of 
the committee on electrical machinery for 
the year 1927-28. He has presented several 
Institute papers. 


C. R. Harte (A’10, M’32) engineer, The 
Connecticut Company, New Haven, Conn., 
has been unanimously reélected chairman 
of the electrical standards committee of the 
American Standards Association. This 
committee, representing 12 trade and tech- 
nical associations and government depart- 
ments, is responsible to the standards coun- 


_ cil of the association for the orderly develop- 


ment of the associations electrical standardi- 
zation work. Mr. Harte has been a mem- 
ber of the Institute’s standards committee 
since 1923, and was a representative of the 
Institute on the United States national 
committee of the International Electro- 
technical Commission, 1929-32. 


S. L. Nicuotson (A’00, F’13) assistant 
to vice president and general manager, 
Westinghouse Electric and Manufacturing 
Company, New York, N. Y., has been re- 
elected as a member of the executive com- 
mittee of the electrical standards committee 
of the American Standards Association. 


R. H. Tapscott (A’18, F’29, and vice 
president) vice president, The New York 
Edison Company, New York, N. Y., has 


been reélected as a member of the executive 
committee of the electrical standards com- 
mittee of the American Standards Associa- 
tion. Mr. Tapscott was a director of the 
Institute, 1930-34, and has served on a 
number of the Institute’s committees, and 
is now chairman of the finance committee, 
of which he has been a member since 1931. 
He is also a member of the Institute’s execu- 
tive committee and of the committee on co- 
ordination of Institute activities, and since 
1928 of the headquarters committee, during 
1929-33 as chairman. 


SIDNEY WITHINGTON (M’20, F’24) elec- 
trical engineer, New York, New Haven and 
Hartford Railroad, New Haven, Conn., 
has been unanimously reélected vice chair- 
man of the electrical standards committee 
of the American Standards Association. 
Mr. Withington has been a member of the 
Institute’s transportation committee since 
1927, serving as its chairman 1929-31, and 
was a member of the meetings and papers 
(now technical program) committee 1929- 
31. 


V. E. Birp (A’13) executive vice presi- 
dent, Hartford Electric Light Company, 
Hartford, Conn., and president, Connecti- 
cut Power Company, has been elected presi- 
dent of the former company. He had been 
its executive vice president since 1929, and 
has been president of the Connecticut Power 
Company since 1933. He was formerly 
with the Stone and Webster organization, 
and since 1913 has been with the Connecti- 
cut Power Company, which was acquired 
by the Hartford Electric Light Company 
in 1922. 


C. N. Srwpson (M’34) since 1929 chief 
engineer of the Gatineau Power Company, 
Ottawa, Ont., Can., has been appointed 
general manager of the utility. Mr. Simp- 
son is a graduate of the University of To- 
ronto and was with the Northern Canada 
Power Company and the Abitibi Power and 
Paper Company before coming to the Gati- 
neau company in 1926. He is a member of 
the executive committee of the Canadian 
Electrical Association and of the Profes- 
sional Engineers of Quebec. 


SAMUEL FERGUSON (A’02) president, 
Hartford Electric Light Company, Hart- 
ford, Conn., has been elected chairman of 
the board of directors of the company. 
Mr. Ferguson came to the Hartford com- 
pany as vice president in 1912 after 12 years 
with the General Electric Company, and 
became president in 1924. He is a past- 
president of the Association of Edison II- 
luminating Companies and a trustee of the 
Edison Electric Institute. 


G. L. Knicut (A’11, F’17) vice president, 
Brooklyn Edison Company, Inc., Brooklyn, 
N. Y., has been reélected as first vice presi- 
dent of United Engineering Trustees, Inc., 
serving until October 1935. Mr. Knight 
has been Institute representative on the 
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board of United Engineering Trustees, Inc., 
since 1933, and served a previous term 
1926-31. He has also served on a number 
of the Institute’s general committees. 


C. F. Hoop (A’20) since 1933 manager 
of the Worcester, Mass., district of the 
American Steel and Wire Company, has 
been appointed vice president in charge of 
operations. Mr. Hood is a graduate of 
Purdue University, and has been with the 
company since 1917. 


C. H. Lypaut (A’20) Chicago, Ill., North 
American representative of Merz and Mc- 
Lellan and associated firm of Merz and 
Partners, London, England, is not a member 
of the staff of Sargent and Lundy, Inc., 
Chicago, as stated in the February 1935 
issue of ELECTRICAL ENGINEERING, page 
258, but may be addressed in care of Sargent 
and Lundy, Chicago. 


Gano Dunn (A’91, F’12, Life Men.ber, 
and past-president) president, J. G. White 
Engineering Corporation, New York, N. Y., 
has been elected president of the board of 
trustees of Cooper Union, New York. Mr. 
Dunn is well known for his activities in the 
Institute, having served on many commit- 
tees as well as 2 terms as a manager, 2 terms 
as a vice president, and as president, 1911— 
12: 


T. S. Brits (A’31) motion picture sound 
engineer, formerly with Fox Movietone 
News, Inc., New York, N. Y., is now in the 
employ of the Hearst Metrotone News, 

- New York, and is at present in Washington, 
Oy, (&. 


W. L. Knauss (A’31) who has been a 
student engineer in the testing department 
of the General Electric Company at Sche- 
nectady, N. Y., is now in the refrigeration 
engineering department at Fort Wayne, 
Ind. 


J. H. Giru (A’12) former president and 
general manager, Florida Power and Light 
Company, Miami, is now chairman of the 
board of the Memphis Electric Company 
and vice president of the National Power 
and Light Company. 


C. H. ANDERSON (M’34) former assistant 
superintendent, Cattaraugus division, Nia- 
gara, Lockport and Ontario Power Com- 
pany, Olean, N. Y., is now superintendent 
of the Bradford Electric Company, Brad- 
ford, Pa. 


J. S. OVERSTREET (A’31) formerly quota- 
tion engineer, General Electric Company, 
Schenectady, N. Y., is now in the cable sales 
department of the company at Bridgeport, 
Conn. 


J. L. Tuppury (A’28) manager, Salem 
Electric Lighting Company, Salem, Mass., 
has been named general manager of the 
Gloucester Gas Light Company. 
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J. O. TuRNER (A’33) is now an assistant 
engineer in the national park service, ES: 
Department of the Interior, with field head- 
quarters at San Francisco, Calif. 


F. B. Conton (A’31) of Philadelphia, Pa., 
has recently become an engineering drafts- 
man in the office of the electrical engineer, 
Pennsylvania Railroad, New York, N. Y. 


G. W. Mixuts (A’30) formerly with the 
Pacific Gas and Electric Company, Oakland, 
Calif., is now with the Shell Oil Company at 
Long Beach, Calif. 


T. O. Zitrer (A’34) is now a student 
engineer with the Bethlehem Steel Corpora- 
tion, Lackawanna, N. Y. 


C. J. Dunn (A’33) is now a valuation 
engineer with the Westchester Lighting 
Company, Mt. Vernon, N. Y. 


Obituary 


MicHagEL IpvorsKy Pupin (A’90, F’15, 
HM’28, past-president and member for life) 
professor emeritus in active residence, 
Columbia University, New York, N. Y., 
died March 12, 1935. One of the leading 
scientists at the time of his death, he came 
to the United States in 1874 as a penniless 
boy intent on securing a higher education, 
but whose first job was driving mules for a 
Delaware farmer. Doctor Pupin was born 
at Idvor, Banat, Hungary (now in Yugo- 
slavia) October 4, 1858. In 1879 he en- 
tered Columbia University, and was gradu- 
ated with the degree of bachelor of arts in 
1883. He afterward studied mathematics 
at the University of Cambridge, England, 
and physics at the University of Berlin, 
Germany, holding while in Berlin the John 
Tyndall fellowship of Columbia University. 
After receiving the degree of doctor of phi- 
losophy at Berlin in 1889 he became instruc- 
tor of mathematical physics at Columbia 
University, and adjunct professor of me- 
chanics in 1892. In 1901 he was appointed 
professor of electromechanics, and 2 years 
later director of the Phoenix Research 
Laboratory of Columbia University, a posi- 
tion which he held until he retired from ac- 
tive service in 1929. Doctor Pupin made 
important contributions to knowledge in 
a-c theory, the passage of electricity through 
gases, long distance communication, and 
other subjects. In a paper published in 
1896 he first described the nature of second- 
ary X ray radiation, and in 1902 he sold pat- 
ents covering his inventions in electrical tun- 
ing, so important in radio broadcasting, to 
the Marconi Company. Previous to this he 
had accomplished the rectification of high 
frequency electrical waves, the description 
being published in 1899. Rapid X ray 
photography by the use of a fluorescent 
screen was invented and described by Doc- 
tor Pupin in 1896. The chief invention 
credited to him is the principle of loading 


telephone or telegraph lines by lumped in- 
ductance, his ‘loading coils’ compensating 
by their inductance for the capacitance be- 
tween the 2 wires of the circuit. Doctor 
Pupin also proposed a rule for the placement 
of these inductances along the line. In this 
way transmission over long open wire or cable 
lines was greatly improved. Doctor Pupin 
received numerous honors for his work, and 
was awarded some 18 honorary degrees. 
Among the medals he received are the 
Cresson medal of the Franklin Institute, 
1902; the Prix Herbert of the French Acad- 
emy, 1916; the medal of the Institute of 
Radio Engineers, 1924; the Edison medal 
of the Institute, 1925; and the John Fritz 
medal, 1932. Doctor Pupin was a past- 
president of the Institute of Radio Engi- 
neers, a past-chairman of the Engineering 
Foundation, and a member of many other 
societies. He was a manager of the Insti- 
tute, 1892-95, a vice president, 1895-97 and 
1901-08, and president, 1925-26, in addi- 
tion serving on a number of Institute com- 
mittees. Several books and numerous 
papers have been written by him, many of 
his papers having been presented before the 
Institute. 


Joun C. Barcray (A’03, M’04, and mem- 
ber for life) Montclair, N. J., died August 
24, 1934, according to word just received 
at Institute headquarters. For many years 
he was in the service of the Western Union 
Telegraph Company, and was assistant 
general manager when he left the company 
in 1910. Born at Greensburg, Pa., April 
17, 1856, he became a messenger boy for 
the Pennsylvania Railroad in 1868. Two 
years later he became a telegraph operator, 
working for various railroads until he was 
engaged in 1875 as an inspector for the 
Automatic Fire Alarm Company, New 
York, N. Y. The following year he was 
employed by the Western Union Telegraph 
Company at Baltimore, Md., and in 1878 
was sent to Chicago, Ill. In 1888, while 
night manager, he completed a course in 
dental surgery, but continued in the tele- 
graph company and was appointed electri- 
cian of the western division in 1898. Four 
years later Mr. Barclay was appointed 
electrical engineer of the entire Western 
Union system, with headquarters in New 
York, and in 1903 he was appointed assist- 
ant general manager. Mr. Barclay secured 
several patents covering improvements on 
telegraph instruments and a type printing 
system. 


WILLIAM RAWSON COLLIER (F’20) mana- 
ger, Southern Natural Gas Corporation, 
Birmingham, Ala., died late in January 
1935. He was a graduate of Massachusetts 
Institute of Technology, class of 1900. 
For the following 4 years he was senior 
partner of the firm of Collier and Brown, 
consulting engineers of Atlanta, Ga., and 
had charge of the design and construction 
of a number of power and industrial plants. 
In 1904 he joined the Georgia Railway and 
Electric Company, where he was in charge 
of designing and later of sales. In 1912 the 
Georgia Railway and Power Company was 
formed and he became its sales manager, 
subsequently taking similar duties in sub- 
sidiary companies. In 1922 he resigned to 
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accept a position with the Central Hudson 
Gas and Electric Corporation, Poughkeep- 
sie, N. Y., and in more recent years he was 
connected with Dwight P. Robinson and 
Company, United Gas Improvement Con- 
_tracting Company, Hall Electric Heating 
- Company, Alabama National Gas Corpora- 
tion, and Mississippi Public Service Com- 
pany. 


JEROME G. VANZaNDT (A’31) San Pedro, 
Calif., died recently following an automobile 
accident. He was born at Chicago, III, 
July 22, 1883, and received the degrees of 
bachelor of science, Purdue University, 
1904, and master of science, University of 
Wisconsin, 1908. He then became an as- 
sociate professor in the engineering college 
of the University of Southern California 
for 2 years, following which he was project 
engineer for the Southern Sierras Power 
Company on various projects in California. 
In 1918 he went to France with the A.E.F. 
engineers, and engaged in private practice 
upon his return, being in Chile 1922-27 as 
a consulting engineer to the Republic of 
Chile and as a designing engineer with the 
Braden Copper Company at Rancaugua. 
In 1927 Mr. VanZandt was employed by 
the U.S. War Department, engineers office, 
and was located at Pittsburgh, Pa., and 
more recently at San Pedro. 


FREDERICK W. McKown (A’19) member 
of the technical staff, Bell Telephone Labo- 
ratories, Inc., New York, N. Y., died Febru- 
ary 27, 1935. He was born at Irondu- 
quoit, N. Y., March 1, 1898. In 1914 he 
received the degree of bachelor of arts from 
Williams College, and in 1916 the degree of 
bachelor of science in electrical engineering 
from Massachusetts Institute of Technol- 
ogy. Mr. McKown then entered the en- 
gineering department of the Wesiern Elec- 
tric Company, New York, transferring to 
the development and research department 
of the American Telephone and Telegraph 
Company in 1921. Since March 1934 he 
had been a member of the laboratories. 
Mr. McKown had been in charge of the 
transmission rating and quality group of 


the local transmission development depart-. 


ment of the laboratories, where he was con- 
cerned with fundamental studies on matters 
effecting transmission, making important 
contributions in this field. 


HENRY EpISON PHELPS (A’17) member 
of the technical staff, Bell Telephone Labo- 
ratories, New York, N. Y., died on Febru- 
ary 21, 1985. He was born at Oxford, 
Mass., March 15, 1893, and received the de- 
gree of bachelor of science from Worcester 
Polytechnic Institute in 1914. He then 
went to Purdue University as an assistant 
and received the degree of electrical engi- 
neer in 1916. After another year of teach- 
ing electrical machinery design at the uni- 
versity he entered the American Telephone 
and Telegraph Company at New York as a 
member of the general engineering depart- 
ment, later entering the development and 
research department. His work was in 
connection with the development of toll 
switchboards and switching systems. In 
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March 1934, Mr. Phelps was transferred 
to the laboratories. 


Harry Hanson DAnssor (A’30) elec- 
trical superintendent, Atlantic Oil Produc- 
ing Company, Dallas, Tex., died January 
19, 1935. He was born at Dallas October 
28, 1889, and was employed at the age of 12 
as a messenger boy by the Western Union 
Telegraph Company. ‘ He worked his way 
through successive steps as operator and 
lineman, and in 1910 became night mana- 
ger. In that year he went to California 
with the Producers Transportation Com- 
pany, and later was a foreman on the Los 
Angeles aqueduct construction. After a 
number of other positions in Oklahoma and 
Texas, he came to the Atlantic Oil Produc- 
ing Company as electrical superintendent 
in 1924. 


CHARLES KewLey KNEALP (A’23) sound 
engineer, Warner Brothers Circuit Manage- 
ment Corporation, Philadelphia, Pa., died 
August 26, 1934, according to word just re- 
ceived at Institute headquarters. He was 
born at Baltimore, Md., December 27, 
1897, and attended Marconi Wireless 
School, Cleveland, Ohio, and Drexel Insti- 
tute, Philadelphia. In 1920 he entered the 
testing department of the Philadelphia 
Electric Company, and was with this com- 
pany until 1929 when he was employed by 
Electrical Research Products, Inc. 


JosepnH C. Ports (A’32) sales engineer, 
The Electric Storage Battery Company, 
Washington, D. C., died February 17, 1935. 
He was born at New York, N. Y., February 
1, 1898, and entered the employ of the com- 
pany in 1912, becoming superintendent of 
the assembling plant in 1915 and sales en- 
gineer in 1931. 


Witi1AM Epwarp AHRENS (A’22) west- 
ern district plant manager, Pacific Tele- 
phone and Telegraph Company, Seattle, 
Wash., died on January 26, 1935. He was 
born at Elberfeld, Ind., July 15, 1881, and 
graduated from the electrical engineering 
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course at Purdue University in 1908. Fol- 
lowing graduation he entered the construc- 
tion department of the telephone company 
at Seattle, and advanced through the de- 
partment to the position of plant engineer, 
which he held until he became plant mana- 
ger in 1929. 


CARLETON Murray Brown (A’15) sales 
engineer, Westinghouse Electric and Manu- 
facturing Company, Washington, D. C., 
died February 12, 1935. He was born at 
Lenox, Mass., October 5, 1889, and studied 
at Worcester Polytechnic Institute. He 
then entered the apprentice course of the 
Westinghouse company, and later the gen- 
eral engineering division, engaging in power 
house and railway high voltage overhead 
work for a short time, after which he en- 
tered sales engineering. 


Wit G. Coxe (A’24) construction engi- 
neer, Natoma, Calif., died recently accord- 
ing to word received at Institute headquar- 
ters. He was born in Allegheny County, 
Pa., April 4, 1882, and began the study of 
electricity while working in the electrical 
departments of coal mines in Pennsylvania 
and West Virginia. He was employed in 
plant maintenance by a number of com- 
panies throughout the west. 


CLaupDE Kine (A’30) building superin- 
tendent, Memphis Tenn., died February 
22,1935. He was born at Owensboro, Ky., 
May 9, 1892, and studied electrical engineer- 
ing through extension courses of the Uni- 
versity of Tennessee. For a number of 
years he was chief engineer of the American 
Finishing Company, Memphis, and had 
been superintendent of the Falls Building 
for the past year and a half. 


Leon Bastt Bouravin (A’32) meter 
tester, Brooklyn Edison Company, Inc., 
Brooklyn, N. Y., died June 12, 1934, ac- 
cording to word just received at Institute 
headquarters. Mr. Boulavin was born in 
Russia June 30, 1892, and studied in Russia 
and at Pratt Institute, Brooklyn, N. Y. 
He had been employed by the Brooklyn 
Edison Company since 1980. 


Recommended 
for Transfer 


The board of examiners, at its meeting held on 
March 21, 1935, recommended the following mem- 
bers for transfer to the grade of membership indi- 
cated. Any objection to these transfers should 
be filed at once with the national secretary. 


To Grade of Fellow 

Beach, Robin, prof. of E.E., head of dept., Poly. 
Inst. of Bklyn., N. Y. 

Brackett, Byron B., director of radiophone broad- 
casting, Univ. of S. D., Vermillion. 

Horle, Lawrence C. F., consg. engr., 90 West St., 
INE City. 


3 to Grade of Fellow 


To Grade of Member 


Calvert, John F., E.E., Westinghouse E. & M. 
Co., E. Pittsburgh, Pa. 


Eberman, Joseph W., chief electrician, Cerro de 
Pasco Copper Corp., Morococho, Peru, S. A. 

Groves, Wm. M., Jr., plant extension engr., Okla. 
Southwestern Bell Tel. Co., Okla. City. 

Hansson, Edwin, transmission engr., Pa. Water & 
Pwr. Co., Baltimore, Md. 

Kelso, Newton T., fractional hp motor engr., Gen. 
Elec. Co., Fort Wayne, Ind. 

Kimbark, Edward W., asst. in E.E., Mass. Inst. 
of Tech., Cambridge. 

Kramer, Andrew W., Jr., application engr,., Gen. 
Elec. Co., Fort Wayne, Ind. 

McFarlan, James P., asst. engr., Union Gas & Elec. 
Co., Cincinnati, O 

Morrill, Wayne J., engr. in charge of design engg., 
Gen. Elec. Co., Fort Wayne, Ind. 

Moulton-Redwood, W. J., cons. and appraisal engr, 
20 Eastdale Ave., Toronto, Ont. . 

Rifenburg, R. C., division engr., Bklyn. Edison Co. 


No wiINeeve 
Schaefer, Edward J., design engr., Gen. Elec. Co., 
Fort Wayne, Ind. 
Skinner, Thomas V. S., special field representative, 
Rie renatbe Elec. Intl. Co., Shanghai, 
ina 
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Spruce, Allan M., switchgear dept., Gen, Elec. Co., 
Witton, Birmingham, Eng. 

Stansel, Numan R., industrial engg. dept., Gen. 
Elec. Co; Schenectady, INES 

Towner, Orrin W., broadcast engr., Bell Tel. Lab., 
Ine, N. ¥; City. 

Tuites, Clarence E., instructor in elec. layout de- 
sign, Mechanics Inst., Rochester, N. Y. 

Vedder, Edwin H., E.E., Westinghouse Elec. & 
Mfg. Co., E. Pittsburgh, Pa. 

Warner, Wilbur W., E.E., Gen. Elec. Co., 
Wayne, Ind. 

Webb, Robert T., E., Wash. Univ., 
St. Louis, Mo. 


20 to Grade of Member 


Fort 


instructor in E. 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the 
national secretary before Apr. 30, 1935, or June 30, 
1935, if the applicant resides outside of the United 
States or Canada. 


Adair, W. Ee Southern Bell Tel. & Tel. Co., Louis- 
ville, 

Amatneek, a 792 E. 175th St., N. Y. City. 

Ankrom, Ww. R., Ohio Pwr. Co., Bellaire. 

Appleman, W.R. (Member), Marathon Elec. Mfg. 
Corp., Wausau, Wis. 

Baessler, K. Jeb, Calif. Wire Cloth Co., Oakland. 

Bagwell, L. R., "Caywood Elec. Co., Houston, Tex. 

Ballengee, W. Re Texas Oil Co., Fillmore, Calif. 

Baluta, R. E., Bklyn. Union Gas ConIN: AG 

Barger, G. Ke U. S. Bureau of Fisheries, Seattle, 
Wash, 

Bentley, C., Valley Radio & Elec., Mission City, 
B. iE Can. 

Bergson, S. J.. Bklyn. Engg. Inst., N. Y. 

Birch, J. A. Endura Mfg. Co., Quakertown, Pa. 

Blade, Mary ENE Y State Employment Serv., 


Bklyn., N. Y. 

Bleuit, Se United Engrs. & Constructors, Inc., 
Phila., Pa, 

Blum, A. 18, 10 Rawson St., Albany, N. Y. 

eon i E., Barium Products Ltd., Modesto, 

ali 

Bohne, W. M., Wells Gardner & Co., Inc., Chicago, 

lll. 


Bondurant, J. E., U. S. Coast & Geodetic Survey, 

Washington, D. C. 
rakel, O. W., Puget Sound Pwr. & Lt. Co., Seattle, 

Wash. 

Bridgers, J. F., 920 FE, 2nd St., Washington, N. C. 

Brother Bernard (J. P. Ryan) (Member), Man- 
hattan Col., N. Y. City. 

Brown, J. C., Ga. Pwr. Co., Atlanta. 

Brown, J. D., 2806 Jefferson St., Baltimore, Md. 

Brownell, A. B., G. P. Goode Lamp Co., Cincinnati, 


hio. 
Buie, J. M., 2505 Willing Ave., Fort Worth, Tex. 
Buttner, C. M., Hunter Fan & Motor Co., Fulton, 


N, Y. 
Callaghan, T. J., 
Cleveland, O. 
Carlson, E. T. (Member), Trumbull Elec. Mfg. 
Co., Ludlow, Ky. 
a AG H., 2124 Vineyard Ave., Los Angeles, 
ali 
Carter, J. Ke Allen Bradley Co., Milwaukee, Wis. 
Caspar, = B., with M. R. Scharff, Mt. Vernon, 


Cayce, D. F., James & Co., St. Louis, Mo. 
Clemens, H. L., Cleveland Elec. Illum. Co., Cleve- 


land, O. 
pe celecuy A. W.. Gen. Radio Co., 


Waite & Bartlett X-Ray Co., 


Cambridge, 


Clough, P., U. 5. North Eastern Penitentiary, 
Lewisburg, Pa. 

Cefman, G.M., c/o George W. Taylor Co., William- 

on, W. Va. 

Collins, i. L., Hoover Co., N. Canton, Ohio. 

Colville, D. A., Wash. Water Pwr. Cox Spokane. 

Cook, D. E., Citizens Bank Bldg., Rm. 200, Pasa- 
dena, Calif, 

pS: we H., with M. R. Scharff, Dobbs Ferry, 


Cotner, W. W., Cornell Univ., Ithaca, N. Y. 
Cox, H. Os 1493 N. Garey Ave., Pomona, Calif. 
Craig, R. Be Standard Milk Machy. Coe; Louisville, 


y, 
Crichton, A. L., Wayne Co., Relief Administration, 
Wooster, Ohio. 
Czyzewski, If B., Consolidated Film Industries, 
Palisades Park, N. J. 
Danesi, C. sae Brown Univ., Providence, R. I. 


7? Aniello, ae Postal Tel. Cable ‘Co; N. Y. City. 
Davis, R. ao New Brunswick Public Night 
Soneole 1 N. Te 


Deane, B. ce Essex, Conn. 


Deane, J., Deanshaven Devpmnt. Co., Riondel, 
SO Can, 
Deardorff, E. R., Bingham Pump Co., Portland, 


Ore. 
Decker, W. C., Du Pont Rayon Co. , Richmond, Va. 
Dellamonica, ib Box 237, Yerington, Nev. 
Deming, H. pe Indianapolis Rys., Ind. 
Dieffenbach, 1 BE, E., 16 Colony St., 


West Hemp- 
stead, Me 
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Dix, W. H., Petomac Elec, Pwr. Co., Washington, 
Duc 


Dixon, H. S., Reclamation Dist. No. 108, Knights 
Landing, Calif. 

Dodge, W. B., Federal Shipbldg. Co., Kearny, N. J. 

Doonan, R. 1D) Elec., Water & Sewage Systems, 
Winterset, ‘Ta. 

Eichhorn, C. W., Am. Transformer Co., Newark, 

NE 


Fahnoe, H. H., 364 Jefferson Ave., Sharon, Pa. 

Few, E. L. (Member), Carborundum Co., Niagara 
Falls, INISEXS 

Fischer, A. J., Union Wire Die Co., N. Y. City. 

Fortin, J. J., Duke Price Pwr. Gon Arvida, Que., 
Can, 

Fulton, R. W., Factory Ins. Assn., Hartford, Conn. 

Gaffney, Cc. J., 2531 W. Wisconsin Ave., Milwaukee, 
Wis. 

Gallmeier, R. A., Gen. Elec. Co., Fort Wayne, Ind. 

Galloway, J. H., Jr., A. E. Staley Mfg. Co., De- 
catur, Ill 

Geiger, W. C., Jr., Penn. R. R. Co., Phila., Pa. 

Gere, G. H., Lincoln Tel. & Tel. Co., Nebr. 

Gieringer, C K., Liebel-Flarsheim Co., Cincinnati, 

hio. 

Gilly, T. A., Gen. Elec. Co., Bridgeport, Conn. 

Gohn, (el. d BS Westinghouse E. & M. Co., Phila., Pa. 

Goldberg, ne Univ. of Wis., Madison. 

Gow, R. B., Mass. Inst. of ‘Tech., Cambridge. 

Griffiths, F F. Ey Nassau Collegiate Center, Garden 

ity, N. 
Guilford, E. S., SRecketelier Center, N. Y. City. 
Guttmann, R., 330 Madison Ave., Albany, N. Y. 


Halle, C. E A 1234 N. Prospect Ave., Milwaukee, 
Wis. 

Hammarstrom, B. F., 44 Whitmarsh Ave., Worces- 
ter, Mass. 

Hanke, G. P., Federal Shipbldg. & Dry Dock Co., 
Kearny, N. i: 


Hardy, R. F., First Boston Corp., N. Y. City. 
Harshberger, if D., El Paso Elec. Co., Texas. 
Hartsock, E. E., Columbus Ry., Pwr. & Lt. Coz 


Ohio. 
Hayhurst, G. F., 17 Fairmount Ave., Hamilton, 
Ont., Can. 


Headen, H. V., Dunwoody Industrial Inst., Min- 
neapolis, Minn. 

Hearst, B. E., Univ. of Colo., Boulder. 

Hedler, C. A., Ponemah Mills, Taftville, Conn. 

Henderson, W. A., N. Y. Tel. Co., N. Y. City. 

Hilbert, E. E., Wagner Elec. Corp., St. Louis, Mo. 

Hill, J. S., Radio Air Serv., Inc., Cleveland, Ohio. 

Hilton, R. R., 2033-37th Ave. West, Vancouver, 
B: Cy, Can, 

Hoehn, W. G., Am. Transformer Co., Newark, N. J. 

Hood, J. T., Gen. Elec. Co., Schenectady, N. Y. 

Hoover, A. J., Underwood Elliott Fisher Co., 
Kansas City, M 

Horsfall, R. E., Sater Elec. Ltg. Co., Mass. 

Hough, W. Re; "Reliance Elec. & Engg. Co., Cleve- 
land, Ohio. 

Hoye, J. P., 20 Orchard Ave., Auburndale, Mass. 

Hunt, D. W., Clyde, N. Y. 

Itkin, K., 8753-26th Ave., Bklyn., N. Y. 

Jacobs, D., 1730 Ocean Ave., Bklyn., N. Y. 

Johnson, A. L., Jr., 2224 Prince St., Berkeley, Calif. 

Johnston, O. E., U.S. Govt., Fort Peck, Mont. 

Jones, T. B., Jr., Carbide & Carbon Chemicals 
Corp., Whiting, Ind. 

Jung, C. L., Hoover Co., Milwaukee, Wis. 

Kaufman, R. B., Gen. Elec. Co., Schenectady, N. Y. 

Kenline, W. J., Southern Sierras Pwr. Co., El 
Centro, Calif. 

Klein, K. M., Ore. State Highway Commission, 
Waldoort. 

Koellemns Cy Lyne Jie, 
Nashville, Tenn. 

Krack, E. J., 2113 Liberty St., Erie, Pa. 

LaBelle, E. P. (Member), British Columbia Tel. 
Co., Vancouver, B. C., Can. 

Lamb, A. H., Weston Elec. 
Newark, N. Ala 

Lastovicka, 1, J., 5618 W. 24th St., Cicero, Ill. 

Laubenthal, G. ie Todd Shipbldg. & Dry Docks 
Co., Mobile, ‘Ala. 

Lawson, F. C., Hydro-Elec. Pwr. Comm. of Ont., 
Fraserdale via Cochrane, Ont., Can. 

Lees, A. M., Jr., 227 Clinton St., Boone, Ia. 

Lehmann, S. G., Ill. Bell Tel. Co., Chicago. 


Conite Engg. & Sales Co., 


Instrument Corp., 


Lipson, M. H., Jandous Elec. Equip. Co., Inc., 
INE NES 
poor M. D., Gen. Elec. Co., Schenectady, 


Loeschner, R. C., Salem Depot, N. H. 

Louargand, AS Western Pipe & Steel Co., So. San 
Francisco, Calif. 

Luckingham, A. L., Colts Fire Arms Mfg. Co., 
Hartford, Conn. 

Manookin, K. M., W. H. Binty Co., Salt Lake 
City, Utah. 

Manthe, R. H., 307 N. Frances St., Madison, Wis, 

Markham, T. C. , Jr., Durham Tel. Co. ; N.C: 

Marshment, B. CS Marshment Coal & Ice Co., 
Detroit, Mich. 

Martin, S. ian Columbus Ry., Pwr. & Lt. Co., Ohio. 

Martin, T. J., Goodman Mfg. Co., Chicago, Ill. 

McCallum, R. E., 1300 No. 46th Se Lincoln. Nebr. 

McCalman, J. R., Sparks Grammar "School, Sparks, 


Ga. 

McCord, C. M. (Member), Memphis Water Dept., 
enn. 

rer D. J., Bell Tel. Co. of Can., Montreal, 
ue., Can. 

McGee, P. A. (Member), Reading Co., Phila., Pa. 

Mcllivaine, W. D., Jr., Minneapolis- St. Paul Sani- 
tary Dist., St. Paul, Minn. 

McKinney, L. 18h, Detroit Edison Co., Mich. 

Mischke, C. A. om 1508A S. 7th St., Milwaukee, 


is. 


Moe, O. B., Commonwealth Edison Co., Chicago, 
Ill, 

Montgomery, W. E., So. Calif. Edison Co., La 
Canada. 

Moore, W. M., Am. Zinz Oxide Co., Columbus, 
Ohio. 

Morris, R. R., R-B-M- Mfg. Co., Logansport, Ind. 

Murphy, E. K., Panama Canal, Gatun, CeZ: 

Nielsen, A. H., ‘Milwaukee Elec. Ry. & Lt. Co., Wis. 

Noecker, ate rou Drifted Coal & Supply Co., Shoe- 
makersville, Pa, 

Nolen, M.S., Mo. Relief & Reconstruction Comm., 
Jefferson City. 

OFiely jn Cape IG; 
Houston, Tex. 

Oliver, D. F., Beene Elec. Co., N. Y. City. 

Oorthuys, H. J., U. S. Bureau of Fisheries: ‘Corval- 


Independent Exploration Co., 


lis, Ore. 
O'Sullivan, G. H., Waterbury Cable Serv. Inc., 
Bronx, N. Y 


Packard, D., Gen. Elec. Co., Schenectady, N. Y. 

Patterson, Cur: (Member), Carnegie Inst. of 
Tech., Pittsburgh, Pa. 

Payne, E., "pub. Serv. Co. of Okla., Weleetka. 

Pearson, s. I., Gen. Elec. Co., Schenectady, N. Y. 

Pedersen, ifs H., Box 231, Gilbert, la. 

Petscavage, M. Sif 152 State St., Kingston, Pa. 

Pignolet, .L. W., Weston Elec. Instrument Cor 
Newark, N. Te 

Piltch, A., Rim Radio Mfg. Co., Bklyn., N. Y. 

Pollastro, ay B., Milwaukee Sch. of Engg., Wis. 

Prince, M. AS 60 West St., Bloomfield, N. 5 

Quinn, J. A., 350S. Main St., Pittston, Pa. 

Raffill, A. W. Pub. Serv. Comm., Madison, Wis. 

Rankin, M. Ohio Edison Co., Akron. 

Rappel, Be Me “(Mfemben, Univ. of. Dayton, Ohio. 

Reece, J. S., U.S. Navy, New London, Conn. 

Reed, C. M., VI, Phila. Elec. Co., Pa. 

Ribreau, G., Owner & Tenants Elec. CossNe Ve 
City. 

Ridenhour, W. L., Univ. of N. C., Chapel Hill. 

Ringer, R. L., Jr. , Wilson Welder & Metals Co. ; 
North Bergen, NET. 

Ritter, H. D., Detroi€ Edison Co., Mich. 

Rober ede H., Quality Radio Co., San Diego, 

alif. 

Robinson, R. A., Carborundum Co., Niagara Falls, 
N. y. 

Rollman, M. E., Cincinnati Milling Machine Co., 
Ohio. 

Root, C. S., Corp. Dept., State of N. Y., Albany. 

Rosebrock, PF. H. Faber with M. Scharff, Mt. Vernon, 
INES: 


Rotkin, I G. Boulitte & Co., N. Y. City. 
Rumpanos, G., Tampary Constr. Co., Mobile, Ala. 
Russo, P., 389 Congress Ave., Waterbury, Conn. 
pee? , R., Westinghouse E. & M. Co., Newark, 


Schell, D. H., Cass City, Mich. 
Schumacher, W. C., Gen. Motors Export Co., 


City. 
Scott, H. U., with L. W. Driscoll, Durham, N. C. 
Seppa, G. E., Box 147, Route 1, Wakefield, Mich. 
Seuffert, G. C., RCA Mfg. Co., Inc., Phila., Pa. 
Shaver, L. C. (Member), Federal Pwr. Commission, 
Washington, D. C. 
Sherer, H. P., Route No. 2, Waynesburg, Ohio. 
Sheridan, J. J., 4389 Martha Ave., N. Y. City 
Shimer, A. J., H. N. Crowder, Jr., Co., Allentown, 


Pas 

Shore, A. G., 244 E. 20th St., N. Y. City. 

paste J. D., Bethlehem Shipbldg. Corp., Quincy, 

ass. 

Richard, J. D., 206 College Ave., Ithaca, N. Y. 

Sidway, C. L. (Member), Westinghouse E. & M. 
Co., San Francisco, Calif. 

Simons, W. D., U. S. Geological Survey, Tacoma, 
Wash, 

Simpson, C. E., TERA Bradley-Polk Counties, 
Cleveland, Tenn. 

Richards, S. Te Zenith Products Co., Salt Lake 
City, Utah. 

Snes E. L., Ingersoll Steel & Disk Co., Chicago, 


N-BYe 


Sena ee O. J., Jr., Diehl Mfg. Co., Elizabethport, 


Smit M., Westinghouse E. & M. Co., Newark, 

Snipes, M. A., Western Union Tel. 
Colo. 

Sogge, eG (es (tember), Gen. Elec. Co., Schenec- 
tady, N. 

Speck, R. J., hieees of Pwr. & Lt., City of Los 
Angeles, Saugus, Calif, 

Sreb, J. H., with M. R. Scharff, N. Y. City. 

Stewart, A. C., Central Pwr. Co. Bs Grand Island, 
Nebr. 

Stars B., Jr., 1226 No. Marshall St., Milwaukee, 


Stryker, N. U., Jr., Ill. Tool Works, Chicago. 

Suprenant, H. IN, New Eng. Pwr. Assoc., Shel- 
burne Falls, Mass. 

Sutton, E. L., ‘Darwind White Coal Mining Co., 
Windber, Pa. 

Tabler, M. Gi Penn. R. R. Co., Baltimore, Md. 

Tevilin, H. F., Detroit Edison Co., Mich. 

Thorne, } B. W., Jr., 1946 W. 22nd St., Los Angeles, 
ali 
Trainee, 6 W., 1209 N. Jefferson St., Milwaukee, 

is. 
Trieste, C. W., Fla. Pwr. & Lt. Co., Miami. 
Todd, I R, Arkville, INN: 
Tolivar, (Cy ’A., Am. Dist. Tel. Cor, Ne ¥. City 
Tucker, M., ‘Chandeysson Elec. Co., St. Louis, Mo. 
Turner, J. L., F.E.R.A. Research, Houghton, Mich. 


Co., Denver, 
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wae M. D., Broad River Pwr. Co., Columbia, 

Valois, R. F., Consolidated Film Industries, Inc., 
Fort Lee, INE 

Verbyla, E. Je 195 Drayer Ave., Waterbury, Conn. 

Verdier, W. H., 624 Parkwood St., Grand Rapids, 


Mich. 
Votava, G. E., 1563 Jarvis Ave., N. Y. City. 
Wacker, K., Crosley Radio Corp., Cincinnati, Ohio. 
Wahlers, F. A., Bklyn. Edison Co., N. Y. 
Wall, R. E., Teleweld, Inc., Chicago, III. 
Walsh, W. J., 1680 Gates Ave., Bklyn., N. Y. 
Walter, C. W. P., Ford Instr. Co., L. I. City, N. Y. 
Weaver, G. W., Metal Products Co., Los Angeles, 


Calif. 
Welch, D. S., 104 N. Niagara St., Maquoketa, Ia. 
Wheeler, E. if c/o W.C. Steele, Jr., Pasadena, Calif. 
White, R. E., ‘Humble Oil & Refining Co:, Hender- 
son, ah ex. 

Whitney, D. C., C. C. C. School, 
Montpelier, Vt. 
Wildermuth, J. L., Jr., 
Columbus, Ohio. 
es B., Hazeltine Service Corp., Bayside, 


Wille, A. J., 205-24 110th Ave., Hollis, N. Y. 

Williams, P. H., Am. Tel. & Tel. Co., St. Louis, Mo. 

Wyandt, B. F., Marsh Foundation School, Van 
Wert, Ohio 

Zeller, C. ane 144 Elm St., Albany, INS Yi 
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Camp Green, 


State Highway Patrol, 


Foreign 


Bagai, M. M., c/o L. Badri, Dass & Son, Roshan- 
pura, Delhi, India. 

Bahadurji, D. J., Thorburn House, Merewether 
Rd., Bombay, India. 

Chatterjee, B. N., Dacca Elec. Supply Co., Ltd., 
Dacca, India. 

Farnhill, E. S., British Thomson Houston Co., Ltd., 
Coventry, Eng. 

Lansdown, L. P., Victoria Falls & Transvaal Pwr. 
Co., Germiston, So. Africa. 

piucti t V. R., Indian Inst. of Science, Bangalor, 
ndia. 

Ramaswami, H. K. S., Seshasayee Bros. Ltd., 
Trichinopoly, So. India. 


Peshawar 


Ltd., Tri- 


Shah, N. A., Municipal Committee, 
City, N. W. F. P., India. 

Srinivasachary, R., Seshasayee Bros. 
chinopoly, Madras, India. 
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Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute record. 
Any member knowing of corrections to these 
addresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New York, N. Y. 


poo Jacob J., 525 Grant St., 
ali, 
Fennis, A. an 4266 Old Orchard Ave.,.Montreal, 


Que., 
Hansen, A. move 20651/2 W. 30th St., Los Angeles, 
ali 


Ince, Frank Edward, 2282 Yale Ave., 


Santa Clara, 


Maplewood, 


Mo. 
Jordan, Arthur H., 5729 Chester Ave., Phila., Pa. 
Lemen, Foster M., 3009 Seward, Omaha, Neb. 
Nessler, Aldo E., Delta Starr Elec. Co., 2437 W. 
Fulton St., Chicago, Ill. 
Phillips, R. M., 20 Garth Rd., Scarsdale, N. Y. 
Rasmussen, David, 423 Hickory St., Ridgway, Pa. 
Ryden, Eric H., Electrolux Servel Corp., 401 E. 
Lilth St. Ne Ye City: 
Shelley, William L., 203 Greene Ave., Brooklyn, 


Shirkey, Charles O., 
Chicago, Ill. 
Simpson, Sidney, Deputy Loco. Supt., Eastern 
Bengal R. R., Kanchrapara, Bengal, India. 
Skinner, Dean C., 6014 Walnut St., Pittsburgh, Pa. 
Smedley, A. B., 82 Warner Ave., Hempstead, N. Y. 

Turnquist, F. A., 4 Birch Rd., Wellesley, Mass. 
Williams, G. M., 1331 Tonhy Ave., Chicago, Ill. 
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New Books 
in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
recently, are the following which have been 
selected because of their possible interest to 
the eiectrical engineer. Unless otherwise 
specified, books listed have been presented 
gratis by the publishers. The Institute 
assumes no responsibility for statements 
made in the following outlines, information 
for which is taken from the preface of the 
book in question. 


A.S.T.M. STANDARDS on ELECTRICAL 
INSULATING MATERIALS, prepared by Com- 
mittee D-9 on Electrical Insulating Materials. 
Oct. 1934, Phila., American Society for Testing 
Materials. 281 p., illus., 9x6 in., paper, $1.75. 
This volume brings together all the specifications 
and test methods for electrical insulating materials 
which the society has adopted, in their latest ap- 
proved form, It also contains the latest report of 
the committee in charge of this subject, discussing 
the developments of interest during the past year. 


AUTOMATIC PROTECTIVE GEAR for 
A-C Supply eyetene: By J. Henderson. Lond., 
Sir Isaac Pitman & Sons; N. Y., Pitman Publishing 
Corp., 1934. 201 p., illus., 8x5 i in., cloth, $2.50. 
The schemes for transmission line protection which 
have been used in Great Britain and which have 
been successful in practice are described_ briefly 
but with sufficient fullness to present their prin- 
ciples clearly and to show the details of the various 
methods of connection. 


Course in ELECTRICAL ENGINEERING. 
Vol. 2, Alternating Currents. By C. L. Dawes. 
Zed. N.Y. & Lond., McGraw-Hill Book Co., 1934. 
705 p., illus., 8x6 in., cloth, $4.00. This is an 
introductory text for students who have some 
knowledge of direct currents but are unfamiliar 
with alternating currents. Two chapters are 


Aprit 1935 


devoted to the fundamental laws of alternating 
currents and alternating-current circuits, after 

which the applications of these laws to measure- 
ments, polyphase circuits, machinery, and power 
transmission are discussed. New developments 
have been included, the chapter on vacuum tubes 
has been expanded, and a chapter on gaseous recti- 
fiers added. 


ELECTRIC POWER METERING, a Textbook 
of Practical Fundamentals. By A. E. Knowlton. 
N. VY. and Lond., McGraw-Hill Book Co., 1934. 
340 p., illus., 9x6 in., cloth, $4.00. Practical 
methods of watt hour, reactive, and demand 
metering, and of telemetering and totalizing, are 
described and the basic principles that underly 
them and determine their accuracy and reliability 
are explained. 


FROM GALILEO to COSMIC RAYS, a New 


Look at Physics. By H. B. Lemon. Univ. of 
Chicago Press, 1934. 450 p., illus., 9x7 in., 
cloth, $5.00. This textbook of physics, intended 


for the use of undergraduate students at the 
University of Chicago, is designed to stress the 
source material and phenomena, and to interpret 
them in nontechnical style. 


HANDBOOK of CHEMISTRY. By N. A. 
Lange, assisted by G. M. Forker and R. S. Buring- 
ton. Sandusky, Ohio, Handbook Publishers, Inc., 
1934. Illus., 8x5 in., lea., $6.00. Nearly 1,300 
pages of chemical and ‘physical tables are included, 
selected for the needs of engineers and industrial 
and research chemists. Appended to the main 
work are 247 pages of mathematical tables. 


MACHINERY’S HANDBOOK for Machine 
Shop and Drafting Room. Qed. N. Y., Industrial 
Press, 1934. 1592 p., illus., 7x5 in., lea., $6.00. 
This handbook aims to provide data frequently 
wanted by machine designers and builders. Much 
practical information upon the strength of mate- 
rials, gearing, bolts and screws, speeds and feeds, 
fits, screw threads, heat treatment, pipe fittings, 
etc., is presented. 


Les MACHINES ASYNCHRONES 4a Champs 
Tournants, A Bagues et a Collecteur. By R. 
Langlois- Berthelot. 2 ed. Paris, Dunod, 1934. 
274 p., illus., 9x6 in., cloth, 63.50 frs.; paper, 
53.50 frs. This volume represents the course given 
at the Ecole Supérieure de 1’Electricité, Paris, and 
constitutes essentially a general method for study- 
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ing asynchronous machines. An introductory 
chapter describes the industrial properties of these 
machines, after which a general theory is developed. 
A final section on design illustrates the application 
of the theory. 


MODERN ACOUSTICS. By A. H. Davis. 
N. Y. Macmillan Co., 1934. 345 p., illus., 9x6 
in., cloth, $6.00. Sources of sound and "their 
theoretical relations, audiofrequency electrical 
apparatus, the measurement of sound intensity and 
frequency, sound analysis, acoustical impedance 
and sound transmission, sound dissipation and 
absorption, hearing, noise measurement and sup- 
pression, acoustics of buildings, sound recording 
and reproduction are among the subjects discussed. 


PRINCIPLES of MVE Me Lee PHYS- 


ICS: By W. V. Houston: N. Yo and! Lond; 
McGraw-Hill Book Co., 1934. 265 p., illus., 
9x6 in., cloth, $3.50. This text is intended to 


give students who have a thorough knowledge of 
elementary physics, analytical geometry and 
calculus, a working knowledge of the fundamental 
methods of mathematical physics which will en- 
able them to use the more advanced treatises on 
special subjects. 


WHO GETS the MONEY? How the People’s 
Income is Distributed. By W. Rautenstrauch. 
New York and London, Harper & Brothers, 1934. 
99 p., charts, tables, 8x5 in., cardboard, $1.00. 
This contribution to the discussion of the economic 
crisis is concerned with the costs of producing the 
national income and with its distribution. The 
author ascribes most of our present economic 
troubles to undue overhead costs in the national 
industrial plant. 


SYMPOSIUM on the OUTDOOR WEATHER- 
ING of METALS and METALLIC COATINGS. 
Washington Regional Meeting, American Society 
for Testing Materials, March 7, 1934. Phila., 
A.S.T.M. 113 p., illus., 9x6 in., cloth, $1.50: 
The material that appears in this volume was pre- 
sented at a symposium held in Washington in 1934. 
Five papers, with discussions, are given: outdoor 
test results on bare and metal-coated ferrous speci- 
mens; the harmony of outdoor weathering tests; 
influence of rainfall and smoke on the corrosion of 
iron and steel; early interpretation of test results in 
the atmospheric corrosion of non-ferrous metals 
and alloys; and galvanic corrosion by contact of 
dissimilar metals. 


CONCISE OXFORD FRENCH DIC- 
TIONARY. Compiled by A. Chevalley and M. 
Chevalley. Oxford (Eng.), Clarendon Press; 
N. Y., Oxford Univ. Press, 1934. 895 p., diagrs., 
8x5 in., cloth, $3.00. This new dictionary pre- 
sents a vocabulary of nearly 40,000 words covering 
modern literary and commercial idiom with reason- 
able completeness and including many technical 
and industrial terms. 


TECHNIQUE of EXECUTIVE CONTROL. 
E. H. Schell. 4 ed. N. Y. and Lond., McGraw- 
Hill Book Co., 1934. 231 p., 8x5 in., cloth, $2.00. 
This book discusses the problems of the executive 
in his relations with his subordinates and superiors. 
Methods for securing effective codperation are 
considered in detail. 


TEILCHENSTRAHLEN (Korpuskularstrah, 
len). Sammlung Géschen 1083. By H. Mark- 
Berlin and Leipzig, Walter de Gruyter & Co. 
1934. 152 p., illus., 6x4 in., cloth, 1.62 rm. This 
book aims to provide a simple, yet comprehensive 
account of present knowledge of eorpuscular rays. 
The experimental methods by which they are 
produced, the behavior of these forms of radiation, 
pos cher importance to the physicist, are set 
orth. 


Engineering Societies Library 
29 West 39th Street, New York, N. Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica et a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. i 
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Lodustrial Notes 


General Electric Operations Increased in 
1934.—At the March meeting of the board 
of directors of the General Electric Com- 
pany, the preliminary results for 1934 were 
presented, showing orders received amount- 
ing to $184,000,000, compared with $143,- 
000,000 in 1933, an increase of 29%, and 
sales billed of $164,797,000 compared with 
$136,637,000 in 1933, an increase of 21%. 
The average number of employees was 
49,642 compared with 41,560 in 1933. The 
total earnings of these employees amounted 
to $75,227,000 as against $55,287,000 for 
1933. The average annual earning in- 
creased 14% over 1933. Between March 
1, 1933 (the approximate low), and De- 
cember 31, 1934 (the high), the number 
of employees on the payroll increased almost 
87%, and the total annual payroll rate 
increased from $47,604,000 to $81,300,000, 
or 70%. At the end of 1934 there were 
196,248 stockholders compared with 188,316 
a year earlier. 


Westinghouse Business Improved During 
1934.—The annual report of the Westing- 
house Electric & Mfg. Co. for 1934, recently 
released, shows a net income earned of 
$189,562, compared with a net loss of over 
$8,000,000 during the preceding year. 
Sales billed for 1934 totaled $92,158,893, 
compared with $66,431,591 for 1983. 
Orders received totaled $106,473,226 as 
against $72,473,117 in 19383, an increase 
of 47%. Better business was reported 
by all principal divisions of the company 
and billings for the year were substantially 
above 1933. The total, however, was still 
only approximately 50% of the average 
in the years preceding the depression. 
Plants of the company that produce the 
heavier equipment normally used by the 
electric utilities have operated throughout 
the year at a load much lower than the 
50% average. While Westinghouse has 
suffered in common with the entire industry 
from the severe recession in business ac- 
tivity, according to the report it has been 
able to maintain and in some directions 
improve its relative position in the elec- 
trical field. ‘The volume of the company’s 
foreign business, obtained through the 
Westinghouse Electrical International Com- 
pany showed a substantial increase over 
1933, and the profits have been greater 
than for a number of years. The increase 
in foreign business has not been confined 
to any single country, but has been world 
wide. The consolidated companies dis- 
bursed $47,321,400 in payroll payments, 
and gave employment to an average of 
35,281 persons during the year. In 1933 
the total payroll was $36,047,031, with 
an average of 29,980 persons employed. 
It is believed that unless there is a marked 
change for the worse, the operations of the 
company for the year 1935 will show a 
substantial profit. 


U.S. Rubber Appoints C. P. Boone. C. W. 
Bigbie, sales manager of United States 
Rubber Products, Inc., wire division, re- 
cently announced the appointment of C. P. 
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Boone, at San Francisco, as manager of the 
company’s wire sales on the Pacific Coast. 


A New Line Connector.—A new semi- 
automatic mechanical line splice has been 
introduced by Connect-O-Line, Inc., 7607 
Vincennes Ave., Chicago. Simplicity of 
construction is a marked feature of the 
new connector, and the positive grip on 
the wire is claimed to prevent either solid 
or stranded cable from turning or slipping. 
The hexagonal body of the connector is pure 
copper; the gripping lugs and tightening 
nuts are made of Everdur. Splices for all 
sizes of both solid and stranded wire are 
available. 


Trade Netoennure 


Wood Preservation.—Bulletin, 16 pp., 
“Preservation with Eastman NO-D-K.” 
Outlines various methods of wood preser- 
vation and recommendations for different 
types of construction. Tennessee Eastman 
Corporation, Kingsport, Tenn. 


Mechanical Rubber Goods.—Bulletin, 24 
pp. Describes transmission, conveyor belt- 
ing, rubber hose and other mechanical goods 
for industrial service; more than 200 items 
and illustrated with 100 diagrams and 
photographs. The B. F. Goodrich Co., 
Mechanical Div., Akron, O. 


Electronic Rectifiers.—Bulletin, 4 pp. De- 
scribes B-L dry metallic electronic rectifiers 
and lists many standard applications where 
conversion of alternating to direct current 
is involved. Commercial sizes and types 
available, as well as prices, are included. 
B-L Electric Mfg. Co., 19th & Washington 
Ave., St. Louis. 


Air Circuit Breakers. Bulletin GEA- 
1662A,4 pp. Describes trip-free air circuit 
breakers for buildings, industrial plants 
and power stations; 600 volts, 1600-6000 
amperes, alternating current; 750 volts, 
1600-10,000 amperes, direct current, manu- 
ally or electrically operated. General Elec- 
tric.Co., Schenectady, N. Y. 


Air Filters.—Bulletin F-320-3. Describes 
the Coppus unit type filter for motor and 
generator intakes and general commercial 
and industrial ventilation. Bulletin F- 
310-2 describes filters for air compressors, 
internal combustion engines, etc. Coppus 
Engineering Corp., Worcester, Mass. 


X-Rays for Industry.—Bulletin, 42 pP., 
“Instruments of Precision.’? Describes X- 
Ray apparatus for use in industrial and 
educational laboratories and applications in 
analysis and structure of materials. Test- 
ing machines of various types for fatigue 
tests of metals are also described. Jee: 
Hayes, Inc., Urbana, II. 


Fusion Furnace.—Bulletin, 4 pp. Describes 
the Barrett fusion furnace for determining 
the fusing temperature of coal ash. Other 
uses include such operations as the determi- 
nation of pyrometric cone equivalents of 
refractory materials, the study of test 
pieces of ceramic bodies, heat treating and 
other laboratory work requiring a high 
temperature gas furnace for producing heat 
up to 3000°F. Burrell Technical Supply 
Co., 1936 Fifth Ave., Pittsburgh. 


Industrial Condensers.—Catalog, 28 pp. 
Includes general engineering data on 
electrolytic and oil-filled industrial con- 
densers as well as their application to motor- 
starting, power-factor correction and other 
industrial uses. Lists a large line of in- 
dustrial units in which the company has 
pioneered for many years, and facilitates 
the selection of proper equipment for any — 
given purpose. Aerovox Corporation, 82 
Washington St., Brooklyn, N. Y. 


Generator Car Axle Drive.—Bulletin, 6 pp. 
Describes a compensating car axle drive 
for motivating lighting generators, air 
conditioning generators, etc. This drive, 
available in any capacity, uses endless V- 
belts and, it is claimed, successfully over- 
comes truck misalignment while producing 
a constant flow of power without noise. 
Installation is possible without jacking 
up wheels and it is readily accessible 
for maintenance. The Medart Co., 3500 
DeKalb St., St. Louis. 


Chain Belts.—Catalog K-1, 54 pp., pocket 
size. Describes chains and sprockets for 
power transmission, conveying and elevat- 
ing. A feature of the publication is a 
section devoted to practical engineering 
data, and containing rules and formulas 
for determining chain size, length, pitch, 
sprocket diameter and ratios; rules for 
installation, alignment and operation, lubri- 
cation methods, etc. A series of charts 
and tables illustrate the correct type of 
chain to use, the horsepower to be trans- 
mitted, etc. Baldwin-Duckworth Chain 
Corp., Springfield, Mass. 


Insulation Testers.—Catalog 1400, 32 pp. 
Describes ““Megger”’ insulation testing in- 
struments—self-contained, portable devices 
for measuring electrical resistance, especially 
insulation resistance, having various ranges 
to as high as 10,000 megohms. Modified 
types, such as “Bridge-Megger’ and 
“Bridge-Meg”’ sets, have facilities also for 
measuring conductor resistance to as low 
as 0.01 ohm. The catalog describes in 
detail the principle of operation of seven 
types of instrument now available. James 
G. Biddle Co., 1211 Arch St., Philadelphia. 


Condensers.—Catalog 127. For manu- 
facturers and engineers. On the use of 
condensers for power factor correction, 
motor starting, high voltage circuits, etc. 
Catalog 128, 16 pp. For service men, 
distributors, dealers. Lists a wide variety 
of mica, paper and electrolytic condensers 
in many capacities, voltage ratings and 
sizes for general radio applications. Cata- 
log 129 includes a comprehensive listing 
of standard types of replacement condensers 
of both paper, dielectric and electrolytic 
construction. Cornell-Dubilier Corp., 4377 
Bronx Blvd., New York. 
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